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PREFACE 


The present title is a comprehensive uptodate textbook. This is an indispensable text meeting 
complete requirements of undergraduate and postgraduate students of Zoology. It has been 
designed to approach the morphology, anatomy, physiology and development of selected type 
in a very simple and lucid style. According to the scheme of treatment the important animal 
types of each phylum have been dealt with first, and efforts have been made to present their 
elaborate and uptodate account. In the description of animal types special emphasis has been 
laid on the functioning of organs. General characters and classification and brief description of 
other important types of the phylum have also been dealt with complete authentic and 
uptodate account. Separate chapters on topics of significance and general interest pertaining to 
the phylum ha ve also been added to make the treatment more elaborate. Adaptations of animal 
types have been discussed in detail to reveal their relation with the environment. 

It has been the constant endeavour of the authors to furnish maximum substance, keeping 
in view the limitations of size of the volume. Efforts have been made to condense, the matter 
as far as practicable. The book features both a text and a laboratory guide. It is hoped that this 
book will not only meet the requirement of Indian students but will also be useful as a guideline 
to the teachers in their teaching. 

There can be no claim to originality except in the manner of treatment and much of the 
information has been obtained from the books and scientific journal available in different 
libraries. 

The authors express their thanks to all their friends and colleagues for assisting us in 
various ways. 

The authors are deeply grateful to Dr. A.B. Saxena, Dr. K.S. Rao of School of Studies in 
Zoolozy, Vikram University Ujjain, for their competent advice, constant helpfulness and good 
spirit during the writing of this book. 

Though, the authors have taken special care to present a current account, yet they are fully 
aware about their limitations and the readers may come across the mistakes of various types. 
For all types of mistakes they extend their due apology. 1 r 

Thanks are also due to Mr. JT. Kumar, Publisher and other staff members of M/s Anmol 
Publications for their whole hearted co-operation in the publication of this book. 

Authors 
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CHARACTERS & CLASSIFICATION OF PROTOZOA 


The pioloio. are . heterogenous assemblage of some 50.000 acellular or s.nglc-ccll organisms possessing typical 
(eukaryote) membrane bound cellular organelles. Being the simplest in structure, protozoa are regarded most primitivei or -Uni 
animals (Gr. protos - first, zoon = animal) of Nature. Tbe acellular level of organization is the only characteristic by which the 
protozoa as a whole can be described; in all other respects they display extreme display. They exhibit all types of symmetry, a 
great range of complexity, and adaptations for all types of environmental conditions. Protozoa were first McnJ 
(1677). The other pioneers, in the field of Protozoology, are Jobtou (1718). Trembley (M 44). Linnaeus (1758), Muller (1773). 
Duiardin (1845). Haeckel (1862). Pasteur (1870), Butschli (1881). Ronald Ross (1898), etc. Term Protozoa was coined by 
Goldfuss (1817). Grass! (1952). Hall (1953). Kudo (1954). Puclka (1953-59). Allen (1962) etc. have made their valuable 
contribution to the protozoology in present century. 



GENERAL < HA RM3XKS 

(1J Protozoa occur wherever moisture is present-in the sea (marine) in all types of fresh water, and in the soil. There arc 
C''' commensal, mutualistic. and many parasitic species) In fact the sporo/oans are entirely parasiti^ 

(2) All though most protozoa occur as solitary individuals, there are numerous colonial forms’^ome colonial forms, such as 
- Volvox, attain such a degree of cellular interdependence that they approach a true multicellular level of structure. Both 

solitary and colonial species may be either free-moving or sessile. 

(3) The great majority of protozoa are microscopic. A mjp/aj/mr. a blood parasite, is so smalls that it occupies only 1\6 to lUOtb 
of a red blood corpuscles. At the other hand, the freshwater cUnle.Spirostomum, may reach a length ol 3.U mm. and be seen 
with the naked eye. A fossil foraminiferan. Nummulites. was 19 cm. across, probably the largest size that has been attained 
by any protozoan. 

V—(4)36«ly symmetry nonradial. spherical or bilateral. 

^_j > §)Tbc body is either naked or covered by pellicle. Sometimes an exoskelelon is also present. 

JfiYYhc shape of body is usually constant but in some cases it is unstable and in others it may change with the environment or 
»g<- 

t2)^Fhcir locomotory organelles are finger-line pscudopodia, pagella, cilia or absent as in sporozoans. 

yj£) Nutrition may be holozoic (animal like), holophytic (plant-like), saprozoic or parasitic. The organelles of ingestion and 
egestion may be present or absent. Digestion occurs intracellularly inside the food vacuoles in most cases .) 

(9)£fo specific respiratory and excretory organs arc present. Both are carried through general body surface by diffusion Excretion 
sometimes earned with the help of contraclile vacuole. 

<10> !n function'*' P,0 '°"“ “““ W '"' “ ““ ny ^by . contmcUlc vacuole. Thus these .re m.inly osmo.cgul.fory 

(11) Asexual reproduction by binary fusion, mulriple fission or budding^n „ somc time in the life history of almost .11 

117*2 ^21^2 Srr ni ,cni,a ^ n b,VC «*“ °b^ervcd in many species, but the nature of these events 
and tbcir occ urrence ,n the life cycle of the organtsm is highly variable. Encystmcnt is common. 

i _J* 2 Ttife.hlstory is often complicated in some eases with alternation of asexual and sexual phases. 
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c rwracters <s c tassi/icauon of Protozoa 

^O^bbody Mosorvuop^.^'rnp,^ *.* does no! take place ta U,e n . 

Special characters 

<2> ^ u “ giVe U, ' i ' r “ POTd 10 V,riOUS Stim “ ,L ' n,b «*"* “ of beginning of the nervous sys tem of 

(3) The microconjuganls ,„d or.croconjug.nu u, the coojug.don of VonicelU, indicate the begimting of sccualdimorphism. 

CIASS IF1 CAT ION of PH YLITM-PROTOZOA 

^sssasaasBs 

-■•sszttszsz^zsx.isssrissss^xs^sssi 

According lo Honiberg et aL, Protozoa have been classified into four subphyla. 


Subpbylum 

Subpbylum 

Subpbylum 

Subpbylum 


I SARCOMASTIGOPHORA 

H SPOROZOA 

HI CNIDOSPORA 

IV CILIOPHORA 


SUBPHYUJM .1 SARCOMASTIGOPHORA 

(1) Organelles of locomotion are pscudopodia or flagella. 

(2) Nucleus monomorpbic (single type). 

(3) Nutrition bolozoic or bolopbytic. 

(4) Asexual reproduction by binary or multiple fission. 

(5) Sexual reproduction by syngamy; no spore formation. 

This subpbylum is divided into three super classes: 

SUPER CLASS A - MASTIGOPHORA 

1. Simple and primitive. Body with firm pellide. 

2. One to many flagella for locomotion. 

3. Asexual reproduction by binary, more or less sometogenic, fission. 

4. Autotrophic or beterotropbic or both. 

Class-I, Phytomostigophora 

1. Mostly free-living. 

2. Plant-like flagellates with or without chromoplasts. 

3. Usually one or two flagella, the nucleus vesicular. 

4. Reserve food as starch or paramylon. 
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Characters A Classification of Protozoa 
Order. l.Chrysomonadia 

1. Small (Icgcllalc with yellow or brown cbromoplasl. 

2. One to three flagella are present. 

3. Gullet absent; stigma present 

4. Nutrition holophylic. Starch absent but leucosin and fat droplets arc present 

5. Silicious cysts. Marine or fresh water. 

Examples. Chromulina, Synura, Ochromonas, Uroglena etc. 

Order. 2. Coccolilhophorida 

1. Tiny marine flagellates covered by calcareous plateleis-coccoliths. 

2. Two flagella and yellow to brown chromoplast 

3. No endogenous silicious cysts. 

Examples: Coccolitlins. Rliabdosphacra. 

Order 3■ Heterochlorida 

1. Two unequal flagella and yellow-green cbroinoplasls. 

2. Silicious cysts. 

Examples: Hetcrochloris, Myxocliloris. 

Ordcr-4-Cryptomonadula 

1. Compressed with a rigid pellicle. 

2. Gullet reaches upto the middle of the body. 

3. They have two unequal flagella. Green, yellow, brown or colourless chromatophorcs which form starch. 

4. Stigma often present. 

5. Marine or fresh water 

Examples: Chilomonas, Cryptomonas. 

Order-5-DinoJlagcllata 

1. Small and planktonic. Body naked or with a thick pellicle or cellulose theca. 

2. Two flagella, one lying transversely and the other pointing backwards. 

3. Chromatophorcs are green, yellow, or brown. 

4. Reserve food is starch or oil. 

5. There arc complex vacuoles which arc not contractile. 

6. Some arc biolumincsccnL 

7. Mostly marine, some arc parasitic. 

Examples: Nociiluca, Ccratiiun; Oodinium. Gonyaulax. 

Ordtr-6-Chloramonadida 

1. Small, with a delicate and dorso-vcntrally Oatenned pellicle. 
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Characters & Classification ofPrott 


2. Two flagella, one trailing. 

3. Chromatopbores green and numerous. 

4. Reserve food is oil. 

5. Stigma absent; complex. 

6. Contractile vacuole present. 

7. Largely freshwater. 

Examples: Gonyostomum, Vacularia. 

Order- 7-Euglenida 

1. Large with a thick and firm pellicle. 

2. Anterior end with gullet leading into reservoir. 

3. One or two flagella arising from an anterior recess. 

4. Stigma present in coloured form. 

5. Cbromatopbores green and numerous sometimes colourless. 

6. Reserve food is paramylon and oil. 

7. Mostly fresh water. 

Examples: Euglena, Phacus, Peranema, Rhabdomonas. 

OrderS. Votvocida 

1. Small with rigid cellulose covering theca. 

2. Gullet absent 

3. Flagella usually two sometimes more. 

4. Body with green, usually single cup-shaped chromoplasL 
.5. Reserve food is starch and oil. 

6. Stigma present. 

7. Mostly fresh water forms. Many colonial species. 

Examples: Volvox, Chlamydomonas. Polystomella. Gonium, Pandori 
Class-2 Zoomastigophora (Zoornastigina) 

1. Flagellates with neither cbromoplasts nor leucoplasts. 

2. One to many flagella, in most cases with basal granule complex. 

3. Reserve food glycogen. 

4. Sexual stage unknown. 

5. Many commensals, symbionts and parasites. 

Order-1. ChoanoflageUida. 

1. Fresh water flagellates, with a single flagellum surrounded by a collar. 

2. Sessile, sometimes stalked, sometimes with lorka. 


Characters & Classification of Protozoa 
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3. Solitary or colonial. 

Examples: Codosiga, Salpmgoeca. Proterospongui. 

Order-2. Bicosoecida 

1. Largely fresh water flagellate encased within a lorka. 

2. Two flagella, one free, the other attaching posterior end of body or shell. 

Examples: Bicosoeca. Poteriodendron. 

% 

Order-3. Rhizomasiigida 

1. Small and amoeboid forms. 

2. Flagella one or more upto four. 

3. Locomotion by pseudopodia and flagella. 

4. Chiefly freshwater. 

Examples: Mastigamoeba, Dimorpha 

Order-4. Kinetoplaslida 

1. Small and more or less amoeboid in forms; no gullet 

2. Flagella basically one. but up to four. 

3. Mostly parasitic forms, some are freshwater. Freshwater forms sessile, sometimes sulked. 

Examples: Bodo Trypanosoma. Leishmania. 

Order. 5. Reiortamonadida 

1. Gut parasites of insects or vertebrates. 

2. One to four flagella. One flagellum associated with ventnlly located cytostome. 

Example: Chilomastix. 

Order-6. Diplomonadida 

1. Small with a pellicle and often with a cytostome. 

2. Bilaterally symmetrical flagellates, with two nuclei, each nucleus associated with four flagella. 

3. Mostly parasitic. 

Examples: Giardia, Hcxamita. 

Order-7. Oxymonadida 

1. Symbiotic flagellates having one to many nuclei. Each nucleus associated with four flagella, some of which are turned 
posteriorly and adhere to body surface. 

Examples: Oxymonas, Pyrsonympha. 

Order-8. Trichomonadida 

1. Four to six flagella, one of which is trailing. 

2. Parasites in geniul passage. 

Example: Trichomonas. 
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Characters dc Classification of Protozoa 


Order-9. Hypermastigida 

1. Highly specialized forms with numerous flagella. 

2- Kinetosomes arranged in a cirde, plate or longitudinal or spiral rows. 

3. Uninucleate or mnltinudeate but never binudeate. 

4. Food ingestion by pseudopodia. 

5. Symbionts in the guts of termites, cockroaches and wood roaches. 

Examples: Lophomonas, Trichonympho, Barbulanympha. 

SUPER CLASS - B - OP ALIN AT A 

!• Body covered by longitudinal, oblique rows of alia arsing from anterior subtenninal rows. 

2. Cytostome is absent. 

3. Two or many monomorphic nudei. 

4. Binary fission generally symmetrogenic. 

5. Sexual reproduction involves syngamy with flagellated gametes (anisogamous). 

6. Parasitic found in gut of frogs and toads; less commonly in fishes, salamanders and reptiles. 
Examples: Opalina, Zelleriella. 

SUPER CLASS - C - SARCOD1NA 

1. Protozoa with pseudopodia as feedingand locomotor organdies. 

2. Flagella, when present, only in development 

3. Asexual reproduction by binary fission. 

4. Mostly solitary and free-living, some parasitic and colonial. 

5. Skeletons of various forms and composition characteristic of some groups. 

Class -1- Rhlzopoda 

1. The locomotory organelles are lobopodia, filopodia or reticulopodia, but never axopodia. 

2. Generally creeping forms. 

Sub.-Class-(i) Lobosa 

1. Pseudopodia usually lobopodia. 

Order-1. Amoebida 

1. Body is naked without any exoskeleton. 

2. Typically uninudeatc, ectoplasm and endoplasm are dearly differentiated. 

3. Nucleus with honeycomb lattice. 

4. Largely fresh water, some marine; many parasites. 

Examples: Amoeba, Entamoeba, Pelomyxa. 

Order-2. A rcellinida 

1. Body endosed in a shell or test with an aperture through which the pseudopodia protrude. 
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Characters & Classification of Protozoa 

2. They arc free living mostly fresh water. 

Examples: Arcella, Difllugia, Euglypha. 

Sub (U) Granuloreticulosla 

1. They have fine granular reticulopodia 
Order-Foramaniferida 

1. Chiefly marine species wilb mostly multi-chambered shells. 

2. Shells may be composed of .ectm. which m.y mcorpora.e fo.eign psnides. bo. mos. commonly the shells ..e calcareous. 

3. Shells wid. one or more openings through which reuculopodi. emegc. The re.iculopodi. are One and branched formmg 
network. 

4. Chiefly marine. 

Examples: Elphiduim, Globigerina, Orbulina. Spirillina. 

Sub class (II) Filosa. 

1. Pseudopodia as fllopodia. upering and branching. 

2. Body naked with a shall with single aperture. 

3. Marine and freshwater. 

Examples: A llogromia, Gromia 

Sub class (lv) Mycetozoln 

1. Body large, amoeboid, multinucleate forming plasmodia. 

2. Life-cycle complex and has sexual reproduction, usually sporangia are formed which liberate spores. 

3. Pseudopodia numerous and blunt 
Examples: Arcyria, Plasmodiophora. 

Class-2. Actinopodea 

1. The locomotony organelles arc delicate axopodia with axial filaments. 

2. They arc primarily sessile or floating forms. 

3. Test may be present or absent 

4. Reproduction both asexual and sexual. 

Subclass- (I) Radlolaria 

1. Body comparatively larger, central capsule is perforated by one or many pores. 

2. Siliceous skeleton. 

3. Axopodia or sometimes reticulopodia or fllopodia. 

4. Exclusively marinc. 

The radiolarians can be divided into two groups or classes: The Polycyslina has a central capsule with evenly distributed 
pores or a pore field. The Phaeodana have three pore fields and the organic nature of the capsule wall is different from that of 
Polycyslina. 
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Characters A Classification of Protozoa 


Examples: Collozoum, Acanthometra, Aulocantha. 

Subclass 00 AcaniharU 

1. Imperforate, nonebrtinoid central capsule without pores. 

2. Anisotropic skeleton of strontium sulphate. 

3. Axopodia present Marine. 

Example: Acanthometra. 

Subclass Oil) Hellozolda 

1. Spherical animal without central capsule commonly called Sun-animalcules. 

2. Axopodia radiating. 

3. Body cytoplasm is differentiated into outer vacuolated ectoplasm and inner dense endoplasm. 

4. Skeleton absent (naked); if present, it b made up of siliceous scales and spines. 

5. Primarily in fresh water. 

Examples: Actinophrys, Actinosphaerium, Camptonema. 

Subclass (Iv) Proteorayxkia 

1. Largely marine and freshwater parasites of algae and higher plants. 

2. Pseudopodia are filopodia and rcticulopodia. 

3. Reproduction by binary or multiple fission; multiple fission in cyst 
Examples: Vampyrella, Pseudospora. 

Class • 3 - Piroplasmea 

1. Small, round, rod-shaped or amoeboid. 

2. Parasite in red blood corpuscles of verlcbratcs. 

3. Do not produce spores. 

Example: Babesia 

SUBPHYLUM II SPOROZOA 

1. Exclusive endoparasiles. 

2. The locomotory organelles are absent in adults. 

3. Cilia or flagella may be present in gametes. 

4. Nutrition saprozoic. 

5. Asexual reproduction by multiple fission and sexual by syngamy, followed by spore formation. 

6. Sporozoites are infective stage; nucleus is of single type. 

Class -1. Telosporru 

1. Pseudopodia are absent and locomotion b by gliding or body flexion. 

2. Spores without capsules or filaments, naked or encysted. 


Characters & Classification of Protozoa 

3. Adult trophozoites with one nucleus. 

4. Reproduction is both asexual and sexual. 

Subclass - (i) Gregarinla 

|. Mature trophozoites arc large and extracellular. 

2. Reproduction is sexual with sporogony; spores contains eight sporozoites. 

3. These are parasite of gut and body cavity of invertebrates. 

Examples. Creparina, Monocystis 

Subclass (il) Coccldia 

1. Mature trophozoites are small and intracellular. 

2. Female gametes bologamous. 

3. Spor/oitcs multiply by schizogony in tissue cells. 

Order I. F.ucoccida. 

1. Asexual and sexual both the phases occur in life cycle. 

2. They are parasite in epithelial and blood cells of invertebrates and vertebrates. 
Suborder (a) fclroeriina 

1. Macrogamctes and microgamclcs develop independently. 

2. Syzygy is absent. Zygote is non-molile. 

3. Sporozoites arc encased in sporocyst 
Example: Eimeria 

Sulmrder <b) llaemosporina 

1. Macrogamctes and microgamclcs develop independently. 

2. Syzygy is absent. Zygote (ookinatc) motile. 

3. Sporozoites arc naked. 

4. Schizogony in vertebrate host and sporogony in invertebrate hosts. 

Example: Plasmodium. 

Class -2 - Toxoplasrneo 

1. Spore formation is absent 

2. Reproduction asexual by binary Fission. 

3. Cysts arc formed which have many naked sporozoites. No Oagclla or pseudopodia. 
Examples: Toxoplasma, Sarcocystis. 

Class - 3 - Haplosporea 

1. Spores arc presenL 

2. Pseudopodia may be present but flagella absent 
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Characters <Se Classification of Protozoa 


3. Reproduction only by asexual means. 

4. Parasites of fish and invertebrates. 

Examples: Ichihyosporidium, Haplosporidium. 

SUB PHYLUM HL CNIDOSPORA 

1. Adult trophozoite has many nudeL 

2. Spore formation occurs throughout life. 

3. Spores have several cells having one or more polar filaments which are coiled threads and can be shot out 

4. Zygote gives rise to one or more trophozoites without sporogony. 

Class-1 Myxosporldea 

1. Spores develop from several nuclei and enclosed in two or three valves. Polar capsule present 
Order. 1. Myxosporida 

1. Spores arc large with a bivalved membrane. 

2. Trophozoite amoeboid and not intracellular. 

3. Polar capsule 1.2 or 4 with filaments. 

Example: Myxidium 

Order - 2 - Actinomyxida 

1. Spores large with a trivalved membrane. 

2. Polar capsule three, each with a filament 
Example: Triactinomyxon. 

Class-2, Microsporidea 

1. Spores small, with a univalved membrane. 

2. Polar capsule absent or present with 1 or 2 filaments. 

Example: Nosema. 

SUBPHYCUM-1V CILIOPHORA 

1 The ciliates comprise the largest subpbylum of Protozoa. Some 8000 species have been described and many groups are still 
not well known. They are also the most animal like and exhibit a very high level of organelle development. 

2. The shape of body is definite. The body wall is a complex living pellicle, containing alveoli, tricbocysts and other organelles, 
in addition to infraciliature. 

3. The body surface is covered with uniform cilia which function in locomotion. 

4 The cilia around the cytostome region have become specialized as compound ciliary organelles called membranelles and 
undulating membranes in many ciliates that employ filter feeding. 

5 Most of them have two types of nuclei-larger macionudeus and smaller micxonucleus. 

6. One or more contractile vacuoles are present in fresh water forms. 

7. Reproduction asexual by transverse binary fission. 


Characters* Classification of Protozoa 

8. Conjugation also takes place with fusion of nuclei. 

9. The anal aperture or cytopygc is a permanent aperture. 

10. No alternation of generation «n the life-cycle. 

Class-1 Clllata 

|. Cilia are present during the whole or a part of their life cycle. 

2. Mouth or cytostome and cytophanynx are often present 

3. Nutrition is holozoic. 

4. Reproduction takes place ascxually by binary fission or budding and sexually by conjugation. 

5. Mostly free living in fresh water, marine but parasites; colonial and sedentary forms also occur. 
Class ciliata is divided into four subclasses: 

Sub class-(i) Holotricha. 

1. Cilia usually short and uniform, ananged in longitudinal rows all over the body. 

2. No adoral spiral of long cilia or membranelles. 

3. Buccal ciliaturc either absent or. if present, usually inconspicuous. 

The subclass Holotricha is divided into following orders: 

Order I, Gymnastomalidu 

1. Chiefly large ciliates with no oral ciliature. 

2. Cytostome opens directly to out side. 

Examples: Didinium, Nassula, Coleps. 

Order 2 .- Trie host omatida 

1. With vestibular but no buccal ciliature. 

2. Free living and parasitic forms. 

Examples: Colpoda, Balantidium. 

Order 3 - Chonotrichida 

1. Vase-shaped ciliates lacking body cilia. 

2. A funnel at the free end of the body bears vestibular cilia. 

3. Chiefly marine and cctocommcnsel on crustaceans. 

Examples: Spirochona, Chilodochona. 

Order - 4 - Apostomatida 

1. Body with spirally arranged ciliation. 

2. Cytostome mid-ventral. 

3. Marine parasite. Life, cycle complex usually involving two hosts, one of which is crustacean. 
Example: Hyalophysa. 
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Characters A Classification of Protozoa 


Order - 5 Astomatida 

1. Body ciliation uniform. 

2. Cytostome absent. 

3. Commensals or endoparasites living in the gut and body cavity of oligoebaete worms. 

Examples: Hoplitophrya, Anoplophrya. 

Order - 6. Hymen astomatida. 

1. Mouth usually lies on the side of the body at the end of peristome, remains permanently open and leads into cytopharynx. 

2. Buccal cavity present with membranes. 

3. Small body with uniform cilia. 

Example: Paramecium 

Order 7 - Thigmotrichida 

1. A small group of fresh and marine water ciliates found in association with bivalve molluscs 

2. Anterior end of body bears a tuft of Ihigmotactic cilia. 

Examples: Boveria, Thigmophrya. 

Subclass (U) Perl trieha 

1. Adults without body cilia. 

2. The apical end of the body typically bears a conspicuous buccal ciliature. 

3. Mostly sessile bearing a stalk. 

It bears a single order-Peritrichida. 

Example: Vonicella, Carchesium. 

Subclass (IU) Suctorla 

1. Sessile and sulked body. 

2. Young with cilia. Adult with few to many tenuclcs. 

3. Adult completely devoid of any ciliature. 

This subclass bears only one ordcr-Suctorida. 

Examples: Eplielota, Podophrya. Acineta. 

Sub-Class (lv) Splrotrtcha 

1. Reduced body cilia. 

2. Well developed conspicuous buccal ciliature. 

Order. 1-Heterotrichida. 

1. With uniform body cilia or body encased in a lorica and body cilia absent 
Examples: Stentor, Halteria. 


Characters & Classification of Protozoa 
Order. 2. Oligotrichida 

1. Body cilia reduced or absent 

2. Conspicuous buccal membrane lies, commonly extending around apical end of body. 

Examples: Halteria, Strombidmm. 

Order 3. Tintinnida 

1. Loriccte. mostly free swimming ciliates with inconspicuous oral membranelles when extended. 

2. Largely marine. 

Examples: Favella, Codonella. 

Order - 4 - Entodinimorphida 

1. Ectocommcnscl in the digestive tract of herbivorous mammals. 

2. Body cilia reduced or absent. 

3. Prominent buccal ciliaturc often in separate anterior clumps. 

4. Posterior end may be drawn out into spines. 

Examples: Entodmiuin. Cyclopostliium. 

Order 5 - Odontosiomalida 

1. Body laterally compressed and wedge-shaped, with carapace. 

2. Reduced body and buccal cilia. 

Example: Saprodmium. 

Order - 6 • Hypotrichida 

1. Body dorso-vcnlrally (latenned. 

2. Body cilia at ventral side, forming cirri 
Examples: Enplotes. Urostyfo. Oxytricha. 


Phylum 

Subphylum 

Super class 

Class 

Order 

Genus 


CHILOMONAS 

Protozoa 

Sarcomastigophora 

Mastigcphora 

Pbylomastigopbora 

Cryplomonadida 

Chilomonas 


1. Ii occurs in abundance in stagnant water and is common in laboratry culture. 

2. Body is oval, colourless, about 35 p long. 

3. Body with a deep anterior pit. the cytopharynx. 

4. Two flagella projecting forwards from the cytopharynx. 

5. Endoplasm is distinctly alveolar. Contractile vacuole lies on one side near 
the anterior end. 



fig. 1.1 
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6. Nucleus spherical with endosome found al posterior end. 

7. Mode of nutrition is saprozoic. 


PERANEMA 


Phylum 

Subpbylum 

Superclass 

Class 

Order 

Genus 


Fig 12 


Protozoa 

Sarcomastigopbora. 

Mastigopbora 

Phylomasligopbora 

Euglenoidida 

J>evwema 



Perantma lrichOf*Of»m. 


1. It is Widely distributed in stagnant fresh water. 

2. Body is covered over by an clastic and spirally striated pellicle. 
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3. Body is broad and truncated posteriorly and gradually tapers anteriorly. 

4 Stigma, para flagellar body and chromatophores are absent 

5. Paired, unequal flage.la are peesen,. each arising from iU own Wepharoplas, in .he wall of reservoir a. an,,.or end. 

6. A pair of hyaline rod-liVe secures forming .he rod organ, runn.ng alongs.de Ure resenroi, and supports .he guile. wh.ch 
can be opened or closed. 

7. Nucleus is cenlrally placed wi.b a large; ‘somOimcs irregular endosome. 



5. Nucleus is vesicular. 

6. Red stigma and a pair of contractile vacuoles are found near the base of flagella. 

7. Nutrition holopbytic i.e. plant-like. 

8. Reserve food as starch grain. 

9. Asexual reproduction by binary fission, often in the palmella stage. 

10. The sexual reproduction by the fusion of flagellate isogam?. 


VOLVOX 


The systematic position is same as that oiChlamydomonas. 

1 . It is a pelagic freshwater, colonial organism found in ponds and lake: 
along with plankton. 

2. It has cosmopolitan distribution. 

3. The coloncy looks like a small green, hollow sphere filled with j 
watery jelly. 

4. Coloncy contains thousands of zooids (somatic cells) arranged in i 
single peripheral layer. The cells are connected by protoplasmit 
threads and not differing in size. 

5. Each zooid has two flagella, two or more contractile vacuoles, cup-like 



Volvo* glob»tor. 


Fig. 1.4 
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cbloroplast, a single nucleus, a red stigma but no gullet 


6. Nutrition is holophytic. 

7. The colonces are polarised since they swim always in one region hence called anterior pole. Locomotion by combined action 
of flagella. 

8. The coloney increases in size by binary fission. The zooids may be sometic and reproductive. The reproductive zooids found 
posteriorly lake part in reproduction. 

9. Some of these zooids are called parthenogonidia repeatedly divide to form daughter colonics which arc liberated by the 
disintegration of parent coloney. 


10 During sexual reproduction some specialized cells, called as antheridia give rise to several biflagellate microgametcs. Other 
cells, called archegonia, give-rise to non-flagellate macrogametes. Both fuse in water to form zygote that forms new coloney 
after dormancy. 


NOCTILUCA 


Phylum 

Subpbylum 

Superclass 

Class 

Order 

Genus 

1. Noctiluca is a marine and pelagic organism, occurring near 
the shores often in large number. 

2. It is abundantly found in Atlantic and Pacific seas. 

3. It has a large, melon-like, bilaterally symmetrical body 
measuring 1-15. mm. in diameter and enclosed in a firm 
cuticular pellicle. 

4. The cytoplasm is highly vacuolated and differentiated into 
ectoplasm and endoplasm. 

5. In a depression at the ventral pole is a longitudinal oral 
groove representing the sulcus. This groove has an oval 
mouth leading into the gullet and two flagella; a long, coarse 
transversely striated flagellum called tentacle, other in deli¬ 
cate flagellum. 

6 From the central sulcus and clump of protoplasm containing 
the nucleus, various delicate strands run through the watery 
interior to the periphery. 


Protozoa 

Sarcomastigophora 

Mastigophora 

Pbytomastigopbora 

Dinoflagellata 

Noctiluca 



fig. tfoftiluto 


7 Nutrition is holozoic i.e. animal like. 

g Reproduction Uk.s place .sexu.lly by binary fission, ss well as by syng.my. Tbc syng.my involves fusion of rwoorg.n.sms 
and is followed by formation ol /oospores. 

9 When .gifted, i. glows win. bluish or g-cen.sh light The Wnescenc. is cased by phorogemc gcnu.es /uc./enn, which 
under the influence of etusnic. ludfcnne. emits light. 


< F.RATWM 


The systematic position is same as 


m Noctiluca. 
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Pig. 1.6 Ctrm dm m birraodiaclb. Kialdbgnmraitic. wtih ponwa 
of ibcll removed. 

1. Ceratium includes marine as well as fresh water species. 

2. It is common in U.S.A. 

3. The body is usually covered with a cellulose plate grooved by a transverse and a longitudinal furrow each containing a 
. flagellum, which projects out through a pore in theca. 

4. The cellulose plates, which arc produced into an anterior or apical and two poslerio-lateral processes giving it a triangular 

5. The transverse groove is called as annulus running, around spiral girdle. Longitudinal groove is called as sulcus. 

6. Cytoplasm is differentiated into ectoplasm and endoplasm. 

7. Cytoplasm contains starch granules, chromoplast. nucleus and a complex system of contractile vacuoles. 

8. It is mainly holophytic but some species are bolozoic. 

9. Reproduction is by oblique binary fission. v 

10. Cyst formation sometimes occurs. 

11. Several species are known to be luminescent 



Phylum 


PROTEROSPONGIA 
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Subphylum 

Superclass 

Class 

Order 

Genus 


Sarcomasligophora 

Mastigophora 

Zoomastigophora 

Cboanoflagcllata 

Proterospongia 


1. Il is a free-living, colonial form. 

2. It consists of a gelatinous mass in which upto 60 collared cells 
lying at periphery. 

3. Each bearing a single flagellum surrounded basically by a thin, 
transparent and funnel-like protoplasmic collar. 


binary fusion 



4. Collar helps in food capturing or ingestion. 


Fig. 1.7 


Proterospongia 


5. Inside the matrix arc also some amoeboid zooids. 

6. Any collared individuals can migrate inward and change into an amoeboid 
individual or vice-versa. 

7. Proterospongia is often regarded as a link between protozoan and sponges. 


MASTIGAMOEBA 


Phylum 

Subpbylum 

Superclass 

Class 

Order 

Genus 


Protozoa 

Sa rcomast igopbora 

Mastigophora. 

Zoomastigophora 

Rbi/omasligida. 

Mastigamoeba 


1. It is a free-living flagellate found in fresh water ponds and lakes. 

2. Body is incgular or amoeboid in form pushing out several finger like pseudo¬ 
podia. which usually disappear when the organism swims. One flagellum is 
present. 

3. Protoplasm contains single nucleus and contractile vacuole. 

4. Nutrition is holozoic. Pseudopodia help in ingestion of food. 



Fig. I* Mastigar’Hxba 


5. Il reproduces by a longitudinal binary fission. 

6. It is considered to be a connecting link between Mastigophora and Rhizopoda. 


BO DO 


Phylum 

Subpbylum 

Superclass 

Class 

Order 

Genus 


Protozoa 

Sarcomasligophora 

Mastigophora 

Zoomastigophora 

Kinetoplastida 

Bodo 



free-living .nim.l found in .he f.ee.l nune, 


Fig 19 


Bodo uluu 
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2. Body is small, naked, more or less elongated, and with one surface more convex 
than the other. 

3. A pair of unequal flagella arise from a depression at the anterior end, one 
flagellum trailing behind and used for anchoring. 

4. Ingestion takes place at a spot near the base of flagella. A permanent cytopyge 
in not known. 

5. Small rostral vacuole and near it is a conspicuous contractile vacuole. 

6. Single rounded nucleus with centrally placed endosome lies near anterior end 
of the body. 

TRICHOMONAS 


Phylum 

Subphylum 

Super Class 

Class 

Order 

Genus 


Protozoa 

.Sarcomastigopbora 

Mastigopbora 

Zoomastigobora 

Trichomonadida 

Trichomonas. 


1. It is one of the most common intestinal multiflagellats, living in the intestine of 
all the vertebrates and also in leeches and termites. They exist only in the 
trophozoite phase and have no cystic phase. . 

2. It has cosmopolitan distribution. 
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3. The body is bear shaped tapering posteriorly, provided with four flagella of which one is directed backwards united to the 
body by an undulating membrane. Body measures 5-20 p in length. 


4. Cytostome is present anteriorly, used for ingestion of food. 

5. Blcpbaroplast is minute situated at the anterior end. Extending posteriorly from the blepbaroplast is club-shaped parabasal 
body. 


6. A contractile fibre, the costa runs along the line of attachment of the undulating membrane. 

7. The body is supported by a cylinder of microtobules. the axostyle, which extend backwards and projects from posterior end 
as spike. The spike helps to anchor the animal while feeding. 

8. The endoplasm contains a large nucleus situated anteriorly. The endosome is prominant 

9. Feeding is saprozok but most species ingest bacteria, yeast and other solid food. 

10. Reproduction takes place exclusively by longitudinal binary fission. 

11. No cyst formation as transmission occurs directly in the active, free trophozoite stage. 

Pathogenecity In man Trichomonas buccalis is found in mouth; T. homonis in colon and T. vaginalis in vagina of female 
(T. vaginalis is found in large number in the leuconhoeic discharge of females. It causes inflammation of the vaginal mucosa ) 
Of other animals T. foetus of cattles. 7. gaUinae of birds are important The disease caused by them is called trichomoniasis. 

GIARDIA 

Phylum . Protozoa 

‘ . Sarcomastigopbora 

Superclass . Mastigopbora 

’ Zoomastigophora 

UWU ‘ Diplomonidida 
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Genus 


G iii r Jni 


1. GiarJia is a parasite in the small intestine and colon ol man. rats. mice, 
dogs, cals and frogs. G. lamHia is found in the small intestine of man. 
especially children. 

2. Cosmopolitan distribution. 

3. Body is oval in shape or half bear-shaped with broad forward anterior end 
and narrow posterior end. 

4. The body is bilateral-symmetrical. 

5. The dorsal side is convex, but ihe ventral surface contains a slight con¬ 
cavity. forming a sucking disc to die wall of intestine. 

6. There arc two vesicular nuclei and four pairs of long flagella. The basal 
granules of foremost flagella are inter connected and also connect with a 
pair of nuclei. 

7. Axostyle forms the median longitudinal axis of the body. 

X. J u>t behind the sucking disc is a deep staining parabasal body. 



9. Cytopharynx is absent and the rhi/oplast make complicated loops through the cytostome. 


10. Reproduction takes place by longitudinal binary fission. 

11. If forms oval thick-waited cysts. Division occurs in Ihe cyst so that the cyst has four nuclei. 


12. It prevents absorption of fats by the host, the unabsorbed fat causes diarrhoea. 



Patliogenecily : It interferes with the absorption of food and causes chronic enteritis, fever, anaemia, allergy and acute 
enterocolitis. *°*** lei fv 


TRICHON YMPHA 


Phylum 

Subphylum 

Super class 

Class 

Order 

Genus 


Fig 1.12 Tnehonympho colllfis. fiocn 
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from rostral to binder region of body. 

7. In the ec.opl.sn, .,e oblique fib.es, .n .Iveol.r Uyer .nd ...nve« myonemes. In U,e endopl.sm ..e longl.udin.l myonemes 
and a nucleus. 

8. Reproduction by longitudinal binary fission. Under unfavourable conditions it undergoes cncystmenL 

9. They show symbiosis with the bast as they digest cellulose and convert it into soluble carbohydrates for the host. 


PELOMYXA 


Phylum 

Protozoa 

Subphylum - 

Sarcomastigopbora 

Superclass 

Sarcodina (= Rhizopoda) 

Class 

Rbizopodea 

Subclass 

Lobosia 

Order 

Amoebida 

Genus 

Pelomyxa 


1. It is often known as giant-amoeba being about 2.5 mm in length. It is a fresh 
water form living in the mud of stagnant water. 

2. The body is asymmetrical and the body shape changes constantly. 

3. It has a single large, hyaline and blunt pseudopodium. 

4. The cytoplasm is highly vacuolated and contains 100-1000 nuclei, all of which 
arc alike. 

5. It contains a number of peculiar, some what rounded refringent bodies, which 
are of albuminous nature and which constantly harbour bacteria of Cladothrix 
sp. (symbiotic). 


viaioUied 



Fig. 1.13 Pttomyxo. 


6. Nutrition is holozoic. Diatoms form the chief food. Numerous food vacuoles, and many fluid filled vacuoles but not 
contractile vacuoles. Reserve food material in the form of glycogen granules. 


7. Asexual reproduction by plasmotomy, in which the cytoplasm divides 2-6 times and each containing few nuclei. 

8. Sexual reproduction by the formation of gametes which conjugate in pair. Encystment in some species. 


ARCELLA 


Phylum 

Subpbylum 

Super class 

Class 

Sub class 

Order 

Genus 


Protozoa 

Sarcomastigopbora 

Sarcodina 

Rbizopodea 

Lobosia 

Arccllinida 

Arcella 


1. It is commonly found in stagnant water attached to weeds growing in 
fresh water. It also occurs in moist forest soil, moss etc. 

2. It has cosmopolitan distribution. 

3. The body is covered by a yellow to brown, thick, hard, transparent and 
disc-shaped shall or test secreted by animal itself. 

4. The shall is made of pscudochitin containing silica and iron. 



Fig. 1.14 Arttlla. 
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5. The ventral surface has an inverted funnel-like depression, leading to central mouth or pylome. 

6. 1-6 small, hyaline, finger-like, simple or branched lobopodia are extended through the pylome. which function as locomotory 
organelles and also help in feeding. 

7. The cytoplasm is d.ffercntiated into nonv.cuolated ectoplasm and endoplasm. The body is anached to the inner test by 
filamentous ectoplasmic strands known as epipodia. 

8. Endoplasm contains food vacuoles, contractile vacuo.es, reserve food material and two p.omin.n. nuclei in*, vu/gurtr and 
upto 15 in*, podoplirya. 

9. Nutrition is hologoic. Food includes mainly green and colourless flagellates. 

10. A characteristic feature is the presence of a ring of granules called chromidia. 

Asexual reproduction by binary fission. Two nuclei divide fonntng four nuelei. two of which extruded from pylome. Thts 
mass secretes a new shall. Multiple fission also occurs. 

DDTLUGIA 

Systematic position is same as in Arcella. 

1. It is a common, free-living animal found on muddy floor of small leaf ch.cked fresh 
water puddics. ponds, ditches or even moist soil. 

2. It has world wide distribution. 

3 It possesses a beautifully symmetrical test usually made up of intricately placed 
grains of a definits size range. In certain localities, du.om shells or spicules of fresh 
water sponges may be used to supplement Ihe sand grains. 

4. The shape of the test (varies with species) may be vase-shaped, or fl.sk-sbaped and 
always has a distinct neck with a terminal mouth or pylome. 

Abou. six slender, hyaline lobose pseudopod,, may protrude ou. from pylome. 

Cytoplasm is differentiated into ectoplasm and endoplasm. A nucleus ••"•'"■M* 
chromidia. numerous contractile vacuoles and food vacuoles are scattered around 
the periphery of the endoplasm. 

Often the animals are a vivid green because of zoocblorcll.e in their cytoplasm ns 
symbionts. 

Mode of nutrition holozoic. it feeds upon microorganisms and filamentous algae such 
as Spirogyra. 

„ reproduces by binary fission, but multiple fission has also been reproted. 

D „flu g u, oMongu is very active in the spring and most of the summer, but becomes 
encysted within its test in the late (all. 

EUGLYPHA 

Systematic position is same as in Arcella. 

It is , freshwater animal found in fteshwatcr. especial., — tn the sphagnum moss. 

" *“ W ° ,d Wid ' "Tova, fl.sk-sbaped o, elongated tes, composed of oblique 

iro7:ro^^ove,,appmg:,o U „deds,liceoussca,eso,p,.«s. 

4 . The shall opens by denticulate mouth or pylome. 


5. 

6 . 

7. 

8 . 

9. 

10 . 



Fig. I.IS Difflyg^ob loop. 


paeodopodia 



es n t r aaik 


i Ig. 1.16 Eugtypia. 
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5. The pseudopodia are very fine, filiform, filopodia, which are often 
branched. 

6. Ectoplasm is indistinct. Endoplasm contains sball-plates. vacuoles, 
one or two large centrally placed nucleus sunounded by pennudear 
cbromidia. 

7. It reproduces by encystmenL Multiple fission is not evident 

GLOBIGER1NA 

Phylum - Protozoa 

Subphylum - Sarcomastigopbora 

Superclass - Sarcodina 

Class - Rhizopodea 

Subclass - Granulorcticulosia 

Order • Foraminiferida 

Genus - Globigerina 

1. It is one of the most common and abundant pelagic foraminiferan. 

2. It has cosmopolitan distribution. Fij. 1.17 Clobigrn»a. 

3. It has a polythalamus perforated and calcareous shall. 

4. The chambers are globular, and are arranged in a helicoid spiral. 

5. The cytostome occupies all the chambers passing through the opening in the septa. 

6. From the shall, long, filamentous, viscous and contractile pscudopodia extend all around. They form pscudopodial network. 
The pseudopodia are very important They exhibit streaming movement 

7. Shells of dead individuals sink to the bottom of the sea like rain, forming there a grey mud called the Globigerina ooze. 



ALLOGROMIA 

Phylum - Protozoa 

Subphylum - Sarcomastigopbora 

Super class • Sarcodina 

Class - Rhizopoda 

Subclass - Filosa 

Genus - Allogromia 

1. It is found in both fresh water and marine water. 

2. Body of animal is covered by a shall which is one chambered. 

3. The cytoplasm flows out from the terminal opening of shall and flows 
around the shall, in this way shall becomes internal. 

4. Cytoplasm contains a single nucleus, a contractile vacuole and a food 
vacuole. 

5. The pseudopodia arc very long and delicate, and join to form a 
network, hence called reticulopodia. They help in capturing prey. 

6. Reproduction by multiple fission. 



Fig. 1.18 AUogronua ovlfonnt*. 
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Phylum 

Subpbylum 

Superclass 

Class 

Subclass 

Genus 


THALASSICOLA 

Protozoa 

Sarcomastigopbora 

Sarcordini 

Actinopodca 

Radiolaria 

Thalassicola 



Jhalasieol. 


cairacapsiiUi 

mail 



nuctcui 


acuolci 


oil dropi 


1. It is a marine, solitary and pelagic. 

2. It has a perforated and membraneous central capsule. 

3. The intcrcapsular cytoplasm contains a single large nucleus and 
a number of small vacuoles. The extracapsular cytoplasm has the 
usual three regions: inner thin assimatory zone; middle thick 
vacuolar zone or calymma with large closely-packed, fluid-filled 
vacuoles lying in gelatinous material and often having yellow 
symbiotic dinoflagellates; and outer thin pscudopodial region. 

4. Contractile vacuole is absent 

5. Nutrition is bolozoic 

6. Reproduction by binary fission and swarm-spore formation. 

COLLOZOUM 

The systematic position is the same as that of Thalassicola. 

1. It is a large, colonial form having a sub-spherical body measuring about 3-4 cm. in 
length. They are present in deep sea. 

2. Protoplasm is divided into an intracapsular and an extracapsular protoplasm by a 
perforated membrane, Skeleton is absent 

3. The vacuolated extracapsular protoplasm is common to the entire colony having 

numerous central capsules embedded in it Each central capsule indicates a zooid of the colony, which has a single nucleus. 

4. The central capsule undergoes repeated divisions, while the extra capsular protoplasm does not divide. 

5. Contractile vacuole is absent 

6. Reproduction by merogony. 

LITHOCIRCUS 

The systematic position is the same as that of Thalassicola. 

1. It is a deep sea. solitary animal with a skeleton. 

2. Body is covered by a shall of silkious skeleton. 

3. The animal is provided with a central capsule embedded in the 
protoplasm. 

4. The capsule divides the protoplasm into extracapsular and intracap¬ 
sular protoplasm. 

5. Extracapsular protoplasm gives rise to tbe radiating thread-like pseu- 


Fig 1.20 Cottoioum. 


cell* of 
aooumhclU 


PM-Axpodt. 


nuckus 


skeleton 



eiin-capiulir 

protoplasm 


dopodia. It has symbiotic yellow dinoflagellates. 


Fig. 1-21 Lilhotirtui. 
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6. Intracapsular protoplasm contains a large nucleus. Contractile vacuoles is absent 

7. Asexual reproduction by binary fission. 

ACT1NOSPHAERIUM 


Phylum 

Subpbylum 

Superclass 

Class 

Subclass 

Genus 


Protozoa 

Sarcomastigophora 

Sarcodina 

Aclinopodea 

Heliozoida 

Actinosphaerium 


1. It is a fresh water form, abundantly found among floating vegeta¬ 
tion. It is commonly called Sun animalcule. 

2. Cosmopolitan distribution. 

3. Several stiff needle-like axopodia radiate from the central spherical 
body of frothy protoplasm. 

4. Protoplasm is divided into a highly vacuolated or frothy ectoplasm 
and a denser granular endoplasm. 

5. Several contractile vacuoles in the ectoplasm. 

6. Several nuclei arc present in endoplasm. 

7. The axial filament of pseudopodia do not reach up to nudei, but 
terminate freely in the deeper granular layer of ectoplasm. 


weincuto 

vacuole 



Flf. 1.22 A'isotplarium. 


8. Nutrition is holozoic, voracious in feeding. Axopodia bdp in feeding rather locomotion. 

9. The animal reproduce asexually by plasraotomy. The whole organism divides into two daughter spheres, each contains 
several nudei. 


10. Autogamy and encystmen! also observed. 
ACTINOPHRYS 

The systematic position is same as that of Ac- 
linosphaerium . 

1. It is found in fresh and marine waters. 

2. It has cosmopolitan distribution. 

3. The body is round from which radiate thin, long 
pseudopodia, each with a central axial filament 
covered with an adhesive granular ectoplasm. 
They are called axopodia. 

4. The axial filaments of axopodia are attached to 
the nudear membrane. 

5. The cytoplasm is not distinctly divided into 
ectoplasm and endoplasm. 

6. The ectoplasm have many vacuoles. 

7. Endoplasm is gdatinous and contains various 
vacuoles and food particles besides a single 
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Mopodia 


8. Nutrition is bolozoic. whenever food or prey touches the axopodia. they \ \ \ / / / 

attach to it. The axopodia paralyze the prey and at limes sborien to convey \ 'V. \\\ I j| 1// /// / 
the prey to central mass of cell. UA/yy^' 

9. Reproduction occurs by binary fission and also by paedogamy. During 

pacdogamy the animal withdraws its pseudopodia gorges itself on flagellates ,kelelon 

and encysts. The cyst is bilayered outer gelatinous and membranous inside.- 

It divides into many uninucleate cysts. Each secondary cyst divides into two 

cells enclosed in the cyst. The nucleus of each cell than divide twice to form 

four haploid nuclei. Two of the nuclei degenerate. The remaining two nuclei 

of cyst cells then fuse to form zygote. The zygote reproduces by binary I 

fission and the daughter cells escape from the cyst, they grow into adults. /// /M A v\ N 

CLATHRULINA I 

The systematic position is same as that ofActuiospliaerium. \ ->uik 

1. It is a fresh water protozoan. % 

2. The body is enclosed in a perforated skeletal sphere of silica, and is attached 

by a long, slender sulk. * 124 c '" w; "‘’ 

3. The axopodia project through the skeletal investment. 

4. Cytoplasm conuins single nucleus. 

5. It undergoes multiple fission in the active condition and produce bifiagellate mcrozoites. called/7 agellule. The llagellulc 
latter grow into adults. 

BABESIA 


Cloihmlnio 


Phylum 

Subpbylum 

Superclass 

Class 

Genus 


Protozoa 

Sarcomastigopbora 

Sarcodina 

Piroplasmea 

Babesia 


1. It is a minute, intracorpuscular blood parasite of cattles, dogs and monkeys 

2. The trophozoite lives in the R. B.C. of the host and has a rhizoplast but no flagellum and pigment 

3. Tick is the intermediate host and vector. Upon reaching in its gut. the trophozoites change into gametes 
and fuse in pairs to form zygote. 

4. The zygotes arc motile and bore the alimenUry canal and reach the ovary and parasitize the ova. Fig 1.25 BoU»o 

5 . In ova they divide and produce amoeboid spores which pass on to the next generation of host (tick). 

6. Some of the spores reach the salivary glands cells where the spore becomes mullinuclcatcd and produce sporozoites. 

7. Tick transfer the sporozoites into the blood of the primary host when it feeds upon its blood. 

8. It causes the formidable Texas Fever or Red Water Fever in Cattles in America and Australia. 



Phylum 

Subpbylum 


SARCOCYST1S 


Protozoa 

Sporo/oa 
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Class 

Genus 


Toxoplasmea 

Sarcocystis 


uicocynii (pantile) 
Soreoeyslu. 


1. It is a muscle parasite of vertebrates especially sheep. 

rabbit, pigs, rats, cattles, horses and in reptiles and birds, a g j ft, , ,Xr^^^77y7mr^ mu,dc 

2. The parasite usually encysts within a striped muscle ™/..j ulIlS![ 

fibres of the host, forming a long multinucleale spindle- nod™* uicocynii (pantile) 

like cyst which may be several mm. in length. It is known F|{ Sareorysni 

as Miescher's or Rainey’s tube. 

3. Within e.cb tub. . Urge number of iickle-sh.ped spores .re formed. The spores .re died Harney’s corpuscles. 

4. Very little is known .bout the mode of wnsmission .nd life cycle. When ingested the spo|« lutches in .he bMta-ofnew 
host liberating a single sporozoite. which penetrates >n epilhelUl all to grow into . trophozoite through blood cl.cul.Uon 
it reaches to the striped muscle fibres, where it grows into plasmodium. 

5. They produce a toxic substance sarcocystin and cause a disease known as 

NOSEMA JK V 


NOSF.MA 


Phylum 

Subpbylum 

Class 

Genus 


Protozoa 

Cnido6pora 

Microsporidca 

Nosema 





1. Nosema bombycis is a parasite in the gut of silk worm larvae where it causes ^ A-Sp.r« of No**. .pU l. 

Pebrine - a destructive silkworm disease. woraitk celts. B—Sport of N. bombycis. 

2. Asexual multiplication of the trophozoites and possibility of some spores developing in the same host cause enormous 
damage to the hosts's tissue, the result is fatal. 

3. Its another species is N. apis. It is parasite in the epithelial tissue and the Malpighian tubules of honey-bees causing a fatal 
disease nosema. 

4. The spores are very small, each containing a coiled thread, the polar filament, that represents a polar capsule without a wall. 


PRODODON 


Phylum 

Subphylum 

Class 

Subclass 

Order 

Genus 


Protozoa 

Cillophora 

Ciliau 

Holoricha 

Gymnostomatida 

Prorodon 


1. It is a fresh water and marine ciliate. 


2. The body is ovoid but sometimes variable in shape, but, when fully extended, it measures 
165-200 p in length and 40-60 p in width. 

3. Body is ellipsoidal, with the anterior end slightly wider then the posterior. 

4. Body is covered over by cilia. The cilia of anterior and posterior ends are somewhat, 
longer than elsewhere. 

5. The terminal cytosome leads into a short oval cytopharynx. 

6. The cytoplasm is differentiated into ectoplasm and endoplasm. 



evtottome 

■ oral baiket 


mtcrocudeui 
micron ockut 


contractile vacuole 


Fig. 1.28 . Prorodon grfacBS. 
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7. Ectoplasm of P. griseus contains no trichocysts or other inclusions except 20 - 30 deeply, embedded, large, parallel, rod - 
like tricbite. These form a highly distensible oral basket around the subterminal cytostome. 

8. Endoplasm is grayish and occasionally may become green because of presence of numerous symbiotic zoochlorellae. 

9. Numerous food vacuoles are present. Cytopyge at the posterior end. 

10. A large contractile vacuole is present at extreme posterior end. 

11. Two nuclei ; the massive macronucleus located centrally, may be spherical or oval containing a prominent nucleolus. A 
small pear-shaped miCTonucleus is found attached externally to the macronucleus. 

12. When the pond water dry up. it develops a thick-walled protective cyst around itself. Almost immediately after exeysting. 
the small animals conjugate followed by binary fission. MacTonudcus also divides. 

13. Macronudear reorganization takes place only in the permanent protedive cyst and requires at least four days. 

COLEPS HERTUS 

The systematic position is same as that of Prorodon. 

1. It is a widely distributed fresh water ciliale with an ability to tolerate wide range of 
temperature, oxygen, salinity and acidity. 

2. The body is band shaped, brown in colour and is slightly more convex dorsally. It 
measures about 40-65 \i in length and 20-30 p in width. 

3. In the alveolar layer of ectoplasm beneath the pellicle, the body is covered with 
armor plates which are modified into oral teeth at the anterior end. and caudal spines 
at posterior end. 

4. The plates arc organic in composition and are arranged in four anterioposterior 
girdles of 20 plates each which endrde the animal, like the slaves of a bartel. 

5. Each plate bears elevated rectangular areas that give the surface of the ciliate the 
appearance of being divided into more or less symmetrical squares. 

6. Shorter cilia located between the longitudinal plates and longercilia occur around 

the anterior cytostome. Longer cilia help in locomotion. Flj , w Cetrpskinui. 

7. The animal is scavangcr. It ingests large protozoans and green flagellates. 

8. Endoplasm contains many food vacuoles, a posterior contractile vacuole and two nuclei. The macronucleus is centrally 
placed and is spherical, the micronucleus is small. 



9. A subterminal pygostyle is present. 

. . , evtostome-—I 

10. Asexual reproduction by binary fission. Conjugation is not reported in this animal. 

DID1NIUM NASUTUM 

The systematic position is same as that of Prorodon 

1 It is fresh water protozoan found in ponds and ditches where large protozoan like 
Paramecium, Colpoda, Frontonia etc. are in abundance. 

2. It is commonly known as'water bear’. 

3 Bodv is band - shaped, measuring 80 - 200 »in length, and produced at the anterior X/ 

3 ' end info a conica. proboscis iba. bears cyiostome a, .he .ip, JZZL 

4 The cUia occur in two rings only, one ring of cilia is close lo ihe base of proboscs ^ |J( ^ 

and the other ring on the posterior end. 


. prohoicit 


I 
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5. Tbc trichocyst - like bodies are present only in proboscis region. 

6. Within the endoplasm, a horse - shoe shaped macTonudeus may be seen; a contractile vacuole and cytopyge are both In the 
extreme posterior end of tbc animal. 

7. The animal is voracious. Its enormous appetite is satisfied by a diet of large ciliatc like Paramecium etc. 

8. Asexual reproduction by binary fission at a rate of 3-4 divisions per day. 

9. Sexual reproduction by conjugation. It encysts under unfavourable conditions. 


COLPODA CUCULLUS 


Phylum 


Protozoa 

Subpbylum 

- 

Ciliphora 

Class 

- 

Ciliata 

Subclass 

. 

Holotricba 

Order 

. 

Tricbostomatida 

Genus 

• 

Colpoda 

Species 

• 

cucullus 


1. It is free - living, freshwater ciliata. 

2. The shape of animal superficially resembles a llatcnncd kidney. It measures 80-120 p in 
length. 

3. A dear defined, diagonal groove is located on the aboral surface extending from the right 
side of the posterior third of body to the middle where it forms a prominant notch. The 
groove continues for a short distance on the cytostomc lying near the left side. 

4. Cilia are present on the right side of cytopbarynx and rows of cilia on the left side of same 
organelle give that area a cross - hatched appearance. Delicate cilia throughout the body. 



Uidiocyiu 
macronucfcui 
cyiouome 
micron uclcui 

forming 
food vacuole 
food vacuo lea 

contractile 

vacuole 


5. Ectoplasm possesses small dear trichocysls which have a doubtful function in this species. PI IU* Co//*>doc«fu//iu, oral view. 


6. In the endoplasm a spherical macronudeus, a small micronudeus are present in the middle region. A contractile vacuole 
present at the posterior end. Many food vacuoles are present 

7. Binary fission takes place in thin walled cyst 



pellicle 


veuibule 


food 

vacuole 


contractile 

vacuole 


cytopyge 


8. Under unfavourable conditions thick walled cysts are 
formed. The encysted Colpoda remains in a dormant state for 
long periods of lime and may become adive again even after 
38 yean. 


Phylum 

Subpbylum 

Gass 

Subclass 

Order 

Gtnus 


BALANTDIUM 

Protozoa 

Ciliophora 

Ciliata 

Holtricha 

Tricbostomatida 

Balantidium. 


1. It is commonly found in the intestine of man, pigs, sheep, 
camels, cockroaches etc. It is abundantly found in the rectal 
contantofthe frogs. 

2. It has cosmopolitan distribution. 


Fig. 132 
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3. It is spherical in shape measuring 60-70 p in length and 40-60 p in breadth. 

4. The entire body is covered by ‘ongiludinal slightly spiral rows of cilia. 

5. There is a large peristomal depression or vestibule leading to cytostome at the anterior end. 

6. Broad posterior end bears a cylopygc. 

7. Cytoplasm is differentiated into ectoplasm and endoplasm. 

8. The endoplasm contains food-vacuoles, two contractile vacuoles and two nuclei. The macronucleus is large rod-like while 
micronucleus is small and spherical. 

9. Nutrition is holozoic. Food consists of erythrocytes, tissue fragments, bacteria and faecal debris. 

10. Reproduction takes place by binary fission and conjugation. 

11. Cysts arc formed, but no multiplication occurs inside the cysts. 

Pathogenicity. It causes ulceration of the colon and invades the mucosa by virtue of cytolysin, which it is believed to secrete. 
It generally cause diarrhoea, but sometimes cause severe or fatal dysentery. 


NYCTOTHERUS 


The systematic position is same as that of Balantidium. 


1. It is a parasitic ciliatc in the rectum of frogs and intestine of cock¬ 
roaches. 

2. It has worldwide distribution. 

3. Body is bean-sbaped dorsovcnlrally flatenncd and measures 60-120 
p in length. 

4. The peristome starts from the anterior end and extends down to the 
middle of left side, where it leads by cytostome into a curved 
cytopharynx. 

5. The entire body of animal is covered with short equal-sized cilia 
arranged in longitudinal rows. Peristome bears an adoral row of 
specially large cilia, that extended into the cytopharynx. 

6. A permanent cytopyge at the posterior end of the body. 



Fig. 133 Nyttlktmt. 


cganuclcui 


micronuclcui 


7. Cytoplasm is differentiated into ectoplasm and endoplasm. 

8 Endoplasm encloses several food vacuoles, a large contractile vacuole (at the posterior 
end); a kidney shaped macronuclcus and a small micronucleus infronl of c topbarynx. 

9. Nutrition is holozoic. Food consists of bacteria, undigested food particle etc. 

10. Asexual reproduction by binary fission. Sexual by conjugation. 

11. EncysUncnl during breeding seison of host. The cysts .re sw.llowed by the udpoles 
with vegetation. 

FRONTONIA 


Phylym 

Subphylum 

Class 

Subclass 

Order 


Protozoa 

Ciliopbora 

Ciliata 

Holotricba 

Hymenostomaiida 



Home 


coni rad ik 
vacuole 
“ mi cron uck i 


luclcua 


Uicbocytu 


Fig. 1.34 FrotionioXcnct*. 
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Genus 


Frontonia 


i. It is a large fresh water animal. 

x The anterior end of body ia somewhat flattened dorsovenbally. where a. the posterior end is mom cylindrical k ntea.ttre. 

' 150-300 n in length and the width 70*150 n- 

3. The body is uniformly covered with cilia except the oral region. 

4. Cytoplasm is differentiated into ectoplasm and endoplasm. 

5 Embedded in the ectoplasm are numerous fusiform tricbocysts. usually right angles to and in contact with pellicle. 

swings toward the opposite side at posterior end. 

7. Endoplasm contain a very large contractile vacuole surrounded by 8-10 radial canals. 

8. At the same level of the contractile vacuole is a large ova. macronucleus. Many (3-5) micronuclei are found near 
macronucleus. 

9. It is omnivorous feeds on bacteria, alagae. amoebae, arcellae and even rotifers. 


10. Symbiotic zoohlorellae sometimes occur in the cytoplasm. 

11. Reproduction by binary fission and conjugation. 


CARACHESIUM 


Phylum 

Subphylum 

Class 

Subclass 

Order 

Genus 


Protozoa 

Ciliophora 

Ciliata 

Pcritrichc 

Peritrichida 

Carachesium 


1. It is fresh water as well as marine colonial ciliate with 
branching stalks. 

2. The zooids are bell-shaped and largely resemble Vor- 
ticella in structure. 

3. The stalk of each zooid has a separate spasmoneme so 
- that it contract independently of the sulks of other 

zooids in the coloney. 

4. The arrangement of cilia reaches its greatest com- 
plexicity in the adoral or oral ciliature. 



Ptf. 135 Zootda of Cmrkt^um pofypiAum. 


5. Endoplasm contains macronucleus and miaonudeus, food vacuoles and contractile vacuole. 


6. It reproduces by binary fission, conjugation and sometimes encystment occur. 


STENTOR 


Phylum 
Subphylum 
Class 
Subclass 
Order - 


Protozoa 
Ciliophora 
Ciliata . 
Spiroptricha 
Heterotrichida 
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Genus Stentor 

1 . Il is a large, sessile, fresh walcr ciliale. having a sky-blue pigment called 
as stentor in. 

2. It has world-wide distribution. 

3. It measures 1-4 mm. in length and is pyriform in shape. 

4. The body is covered over by cilia, arranged in longitudinal rows. 

5. The animal attaches itself to aquatic plants, animals and other solid 
objects by its lower narrower end. which gives out pseudopodia to serve 
as holdfast 

6. In some species the lower end in covered by a loose gelatinous tube. 

7. The anterior ends bears a broad peristome encircled by a single row of 
adoral memberanclles arranged spirally in a clock-wise manner. 

8. The peristome spirals down to the cytosomc 
that leads into a short tabular cytopbarynx. 

9. The nuclear apparatus consists of a long 
beaded macronucleus with 15-20 beads or 
lobes and about 80 inicronuclci lying close to 
the macronucleus. 

10. Single contractile vacuole with a very long 

feeding canal. Fig. t J6 Sterna. 

11. Nutrition is bolozoic. Food consists of small 
flagellates and rotifers. 

12. Reproduction by binary fission. Conjugation also occurs in late spring. 

13. The largest size of body and nucleus make it an excellent material for the study of behaviour, 
grafting and regeneration in the laboratory. 

SPIROSTOMUM 

The systematic position is same as that of Stentor. 

1. It is a fresh water, free living animal. 

2. I. has i slim. long, cylindrical ind worm-like body, measuring 3-4 mm in length. 

3. Body shows anticlock-wise spiral striations. 

4 . Highly developed contractile myonemes run longitudinally in ibe ectoplasm. 

5 Peristome, occupying nearly 1/3 anierior ventral surface of the body. 

6. The cilia are short, uniform except fo, some caudal cilia which are slightly larger, secrete mucous. 

7. A large contractile vacuole and cylopyge lie at posterior end of the body. 

8. Nuclear apparatus consists of a long beaded m.cronucleus and several micronudei. 

9 . They undergo conjugation and a complicated process of binaiy fission. 

Fig. 137 -- 
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STYLONCHIA 


Phylum 

Subphylum 

Class 

Subclass 

Order 

Genus 


Protozoa 
Ciliphora 
Cilia ta 

Spiroptricha 

Hypotriebida 

Styloncliia. 


|. It is one of the most prevalent ciliatc found in infusion cullure made 
from natural waters or soils. 

2. The body is elongated, oval, rigid and depressed with an arched 
dorsal surface and flat ventral surface. It measures 150 p in length. 

3. The sides of the body are fringed with marginal cirri which are 
made up of fused cilia in bundles. 

4. The ventral surface bears an elaborate system of cirri, including 8 
fronlals, 5 vcnlrals. 5 annals, and 3 caudals. 

5 . The cilia of dorsal surface arc represented by few stiff bnstles. 

6. Peristome is triangular or semicircular. It begins at the anterior end 
and reaches uplo middle of the body. 

7. Cyiostomc remains permanently open. 

8. Mode of nutrition bolozoic. It lakes bacteria, green Oagcllates. 

Cannibalism in the scarcity of foods. 

9. Two large, oval macronuclei and two small micronuclei. Contrac¬ 
tile vacuole is single. 

10. Reproduction mainly by transverse binary fission. Conjugation also takes place. 


frontal am 
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Fig. 1.38 


.caudal dni 
Oral view of Sryto*y<him puiluloim 


EUPLOTESPATELLA 


The systematic position is same as that of Styloncliia 

1. It is found in fresh water and brackish water. 

2. Body is subcircular to elliptical with dorsal side convex and the 
ventral side concave. It measures 90 p in length and 50 p in width. 

3. On the dorsal side there arc six distinctive ridges with corresponding 
rows of sensory bristles embedded in rosettes of granules. 

4. The vcntial surface bears the cirri, of which 6 are frontals, 3 ventral, 
4 annals and 4 caudals. 

5. A small peristomial field is surrounded by 34-35 memebranellcs 
arranged in a spiral manner. On the right there is somewhat raised 
peristomial lip. 

6. Undulating membrane is absent 

7. Dense endoplasm contain a C-shaped macronucleus. Small 
micronuclcus lies near the macionucleus. 

8. A contractile vacuole lies doreally. 


frontal dni 


ventral oni 


anal dni 



membrane! lea 


inicronudeui 

macronuckui 

contractile 

vacuole 


caudal dni-- 
Fig. 139 Oral view of Eupiolti paxtUo. 
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9. An ill-defined cylopygc is present 

10 . Mode of nutrition bolozoic. It chiefly feeds upon Chilomonas. 

11 . It multiplies by binary fission. 

12 . Conjugation also takes place among the different mating types of a syngen. 

EPHELOTA 


Phylum 

Subphylum 

Class 

Subclass 

Genus 


Protozoa 

Ciliophora 

Ciliata 

Sucloria 

Ephelota 



1 It is a large marine form, found in the sea-water. * »Hon i .» \|/l >/ / 

It remains attached various objects like algae 

2. The body is spherical and bears a stalk. 

3. Two types of tentacles are present on body; ^5llbw O ~ 

long pointed for piercing the prey and short “sy I \ 

tentacles arc cylindrical for sucking. \ ' "f ig ^ \. j r ^ 

4. Cytoplasm contains few contractile vacuoles. 1 / 

The macronucleus is highly branched. IT—*utk I f 

Micronucleus is small, I 

A 

5. The distal end bears a number of buds, each Q 

receiving a branch of macronuclcus. The nuclei Fi*. mo EpJ.ivta 

behave as in ordinary binary fission. Thus mode 
of reproduction is by cxogcncous buds. The 

buds detach and acquire cilia on one surface. After a short active free-swimming existence, they lose cilia and grow into 
tcntaculatc adults. 


^nuclei 


PODOPHRYA 


*»cuole 
— Cclaiinoua 
^0 »hc*Ui 


The systematic position in same as that of Ephelota. 

1. It is a fresh water from remains attached to the subsetratum. 

2. Body is divisible into a globular part and a sulk, the globular part 
measures 40-50 p in diameter. 

3. The body bears a number of tentacles that give a pin-cusbion like 
appearances. They are evenly distributed. They consist of a core of fluid 
endoderm surrounded by a firm ectoplasm. 

4. The cytoplasm contains a large spherical macronuclcus in the centre and 
several micronudei. 

5. A single contractile vacuole near the periphery. The entire body is covered 
by a gelatinous sheath. 

6 Mode of nutrition is bolozoic. It feeds other ciliates. The chier food in 
' Paramecium. As soon as the tentacles come in comae, with the prey, 
additional tentacles join in bolding and eating it. 


nuckut 
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7. Reproduction by external budding. A bud is an out growth of the body. It receives parental cytoplasm, a part of parental 
macronuclcus and micronuclci (derived from the parental micTonudei by regular division). The bud acquiring cilia and 
finally separates from parent. After free-swimming the bud comes to rest and attach itself by one end. It grows and given 
rise to an adult 

8 . Conjugation takes place by the fusion of two adjacent stalked adults. Encystment during unfavourable conditions. 


2 


EUGLENA 


Euglena belongs to the Order - Euglenoidida (class - Mastigophora), which comprises relatively large forms, usually of a 
conspicuously green colour. In the members of this order one or two flagella are present, arising &om the invaginated anterior 
end of the body called reservoir. All chlorophyll bearing members posses a light-sensitive organelle called stigma. Several 
non-pigmented forms e.g. Peranema etc. are also place in this order because of their basic structure. 


SYSTEMATIC POSITION 


Phylum 


Protozoa 

Subphylum 


Sacromastigophora 

Superclass 


Mastigophora 

Class 


Pbytomastigophora 

Order 


Euglenoidida 

Family 


Euglenoidae 

Genus 


Euglena 


Habits and Habitat 

fEuglena is a common, solitary and free-living flagellate found in stagnant water containing nitrogenous organic matte/. 
Such water with high organic contents is called polysaprobic. Water with medium organic contents is called mesosaprobic and 
with low organic contents as oligosaprobic. The pure water is described as kathrobic. There are about 100 species of Euglena 
widely distributed all over world in polysaprobic fresh water. It is known to occur in soil, mud and often has been found on the 
bark of trees. Pringslieim (1953) mentioned that some euglenae are marine and some are parasite Euglenomorpha lives in the 
rectum of tadpoles, where they play an unknown symbiotic role. The most common species of Euglena is E. viridis. The common 
Indian species are E. agilis. E. oriemalis and £. fusiformis. The present description is based on the biology of E. viridis ( Gr. eu 
= true; glene « eyeball; and L„ viridis = green). They arc found in such a large number that they produce a green screen on the 
surface of ponds. 


Culture 

They can be cultured in laboratory. For preparing culture, some cow or horse dung in boiled in water in a jar and allowed 
to cool it for two days. Now pour some weeds from the pond containing euglenae into the jar and place the jar near the light 
source In a few days euglenae develop in the medium. Another method can be utilized for the preparation of culture. Boil the 
pond or tap water for some times and allow to cool it. Add 20 boiling wheat grains to this water and inoculated with euglenae. 
Keep the jar in sunny place. Wheat grains may be added monthly to maintain the culture. 


Morphology 


Shape and size^E uglena viridis is a minute elongated and spindle-shaped. It is pointed at 
rior end^Tbe posterior blunt end is called tailpiece !t measures 60u in length and l5-20u in 


anterior 
the body 


-. the posterior end blunt at the 
in breadth at the thickest part of 


*>dy. 

n . v,u W <haoe of the animal is maintained by the pellicle which presents parallel or spiral striation^ The stations may 
or m a y not bAprese nton the tailpiece. According to C hadfa ud (1937) the pellicle is two layered, having an outer thin eptcuttde 
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Euglena 
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Fig. 2.1 fug/rnavlridis 


aSSSSSU. lb. ™>™ 

(Leedale. 1964). 

In some species of Eug/eno jus. below U.e pellicle very 'm.n elonga.ed o, 
spherical bodies arc presem. Ihesc are believed to secrete mucj.ge and hence are 
called mucous bodies or muciferous bodies. 

Cytostome and cytopltaryn,. Shorty to one side of 0.C* 
anterior end. is a small opening called cytostome o, cell mouth. The cytoslomee.dr 
into a lube called guile, or cytopltarynx which m turn opens , it. oOk, *»d M» ■ 
more or less spherical chamber died .the reservoir. The pellicle tav.gin.tcs into 
ihe gullet through the cyjoslomc and lines the reservoir. The pellicle here contains 
only the epicuticlc layer. 

The cytostome and gullet arc not used for the ingestion of food but as a canal 
for the escape of fluid from the reservoir. 

Contraciile vacuole. A large contractile vacuole lies towards one side of the 
reservoir. It b surrounded by several small accessory vacuoles. The contractile 
vacuole receives water from the accessory vacuoles and discharge the tluid into the reservoir from where it goes out through the 

cytostome. 

Stigma A conspicuous structure in Euglena is the red eye spot 
or stigma. This b placed near the inner end of the gullet close to the 
reservoir. It consuls of protoplasm in which clusters of lipid 
globules containing orange or red carotinoid pigments. The stigma 
b cup-shaped with a colourless mass of oily droplets in its concavity 
which functions as a Icns.fTbc stigma and paraflagcllar body, 
together form a photoreceptor apparatu^ 

Paraflagellar body. A small swelling lies cither on one root or 
at the junction of two roots of the Oagcllum. It is known as 
parapagellar body. Cltadefaud and Provasoh have shown that 
comraciik paraflagcllar body and stigma together form the photoreceptor 
apparatus. 

Flagellum/A single, long, whip-like flagellum emerges out of 
the cytostome through cytopharynx/This whip-like process, by its 
Fig. 2.2 Ante o» cn o .» era lasting movements, causes the organism to move in water. The 

flagellum of Euglena b also aWc^ractellurfycc* use it does not propel the body from behind but draws its forward. The flagellum 
arbe from the bottom of the cytopharynx, is forked at the base and is connected by two rliuoplasts to the basal granul.es or 
blepliaroplasts . Each blepharoplast b a compact granule that gives rise to a separate filament ( axoheme ), and in most of the 
species the two axonemc soon unite to form a definite flagellum. In E. viridis the flagellum b enlarged at the junction of two 
axoncme or just behind it to for the paraflagcllar body. The paraflagcllar body probably contain lactoflavin as sensitiger. 

According to some workers, there are two flagella in E. spirogyra, one long and the other b short. Each arbing from the 
basal granule located at the base of reservoir. The short flagellum docs not extend beyond the neck of the reservoir and b often 
adharent to the long flagellum giving the appearance of bifurcation. 

Each flagellum b cylinderical structure about 0.25u in diameter. It b composed of a longitudinal bundle of microtubular 
fibres (axoncme) enclosed within a unit membrane which b continuous with the cell membrane. The microtubular fibrils of the 
axoncmc are arranged in a preebe pattern, best seen in a T.S. Two microtubules occupy the central position. They are called 
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Euglena 
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fibre* . 
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centra! fibres and remain surrounded by inner 
membraneous sbeath. Tbe central fibres are surrounded by 
nine double microtubular fibrils called peripheral fibres. 
Each peripheral fibre is made of two microfibres. One of 
the microfibres bears a double row of short arms or projec¬ 
tions all pointing the same direction. The distal portion of 
flagellum contains numerous minute fibres, known as mas- 
ligonemes, which project laterally ( Manton, 1959). Such a 
flagellum that bears mastigonemes is called sticlionemaiic 
type. Mastigonemes are believed to project rigidly from the 
flagellum in two rows ananged in the plane of flagellar 
undulation. 




2.3 Eurico. n* 8 eiumAT5.ot n *6 , iu» The structure of blepharoplast is similar to that of the 

' 8 ccnlriole found in animal cells. There arc evidences which 

show that basal body contain DNA and may have some power of self-replication. 

Cytoplasm. Two types of cytoplasm can be distinguished in Euglena. a dense outer layer, the ectoplasm and the central 
mass, the endoplasm, which is more fluid. The endoplasm contains nucleus, chromatopborc and paramylum bodies. 

Nucleus. Euglena has a single oval nucleus laying in a definite position near the centre of the body. There is a distinct nuclear 
membrane. The nucleus contains a central body known as endosome (Syn. nucleolus. Karyosome ). 

Chromatophores. Nearly all species of Euglena have small or large coloured bodies called chromalopborcs. They arc present 
in the form of little plates or discs, sometimes spindle-shaped, band-like or radiating star-like. The number, shape, size and 
arrangement of chromatophores vary from one species to another. The colour of chromatophore 
is green due to the presence of green pigment called chlorophyll. The chlorophyll consists of two 

pigments, the green chlorophyll a and a ycllbwbb p carotene. UmriUc 

Under electron-microscope the chromatophore is swollen in the centre where it contains two M-W 

non-pigmented hemispherical bodies called pyrenophores. Attached to one of each areprotem ^ 

bodies called pyrenosomes. Each pyrenosome is covered with a paramylum shell. The two (H Vlf 

pyrenosomes constitute a pyrenoid. Pyrcnoidsarc associated with the formation of a kind ofanima UY.lj 

carbohydrate called paramylon. Paramylon granules thus produced may be found scattered about /)H:ll\ 

the cytoplasm. //A /|\\w ra>0 ‘ ome 

The chromatophore b surrounded by two membranes. The outer membrane is similar to f 
plasma membrane. The inner membrane is similar to internal membrane system of the cbloroplasL I »|/T *«! 

The matrix or stroma contains the chlorophyll-bearing bundles or thylakoids. The matrix contains \jWo3w/ 

the photosynthetic carbon cycle enzynes. ribosomes and DNA. 

Paramylon. Here and there are scattered light blubb-green refractile granules called 
paramylon ll is a polysaccharide similar to starch but it does not give violet colour with iodine 

solution. flYVv/ 

OU.er endoplasmic organelles. The cndopi.sn, ou.side Ac nucleus He.,I, b.s . sys.em of TOf 

. , fniminff the endoplasmic reticulum. Numerous small granules, termed 

- — 

„7uLn "Hio„. The ribosomes ..so severed and ,e m .in .„.ehed ,o ,he e„dop..sn„e 

reticulum. „ . . 

,n some species o^'l^^^j^^'p^gclluinisuwdCTtbedireeicort^erfluicle^TIrcfl^gell'um.WeiAiiropf.T^ALoplasI 
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physiology 


lotion 


“ 

There arc two 


methods of locomotion is Euglena: 


l. Flagellar movement 


2. Euglcnoid movement^. 

1. Flagellar movement. The process of the flagellar movement is not clearly understood because except a few, its 
movements are not easy to observe in most animals. The whip-like movement of flagellum moves the animal forward and at the 
same time routes it around the axis. Thus the animal moves forward in a spiral manner at a fair speed of 3.6 mm per minute. 
Various theories have been put forward to explain the mechanism of flagellar movements in Euglena. 

Buisclili was first to describe the flagellar 
movement. He obseived that the flagellum 
undergoes a series of lateral movement and in 
doing so, a pressure is exerted on the water at 
right angles to its surface. This pressure 
creates two forces: one directed parallel and 
other at right angles, to the main axis of body. 

The parallel force will drive the animal for¬ 
ward and the other force would route the 
animal on its own axis. 


direction of 
•novemcni 
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Eugttna. Sacccuivc U»*e» ia the gligelUr movcmeal 


According to Gray (1928), the flagellum beats sideways in such a way that its movement proceeds from one end to other. 
These waves create two types of forces, one in the direction of the movement and the other in the circular direction with the main 
axis of body. The first force will drive the animal forward and the later would route the animal. The posterior end of body 
describes a smaller circle than the anterior end while the body is propelled forward through the water like a routing plane which 
always remains inclined at an angle of 300 to the axis of movement 


Lowends (1941-43) also studied the locomotion in Euglena. His views are a little different from those of Gray. According 
to him, the flagellum is always held backwards during swimming and the movement in it occurs in a spiral manner from base to 
its tip. The flagellum beats, on an average, at the rale of 12 beau per second with increasing velocity and amplitude. 

Krijisman (1952) observed the movement of flagellum under the dark-field microscope. According to him the normal 
movement of the flagellum is on the lateral side in a whip-like manna due to which it b called effective stroke in which the 
flagellum remains on outer side and moves quickly downwards. After this in recovery stroke the flagellum b brought up in a 
curved and relaxed state. As a result of these movemenu the animal moves forwards and route around its axb. 

While the flagellum is moving it must be dissipating energy (Brokaw) as a result of work done against the surrounding water. 
The energy b supplied by ATP (adenosine triphosphate) present in the mitochondria to the blcpbaroplasts. The function of 
mastigonemes present on the flagellum b unknown. 


Euglena is unable to swim backwards as the direction of motion an not 
be reversed. 

2. Euglenoid movements or Metaboly. Sometimes a creeping movement b * 
found ta£i#g/«w. It is brought about by the contraction and expansion of 
. Jfcw- A perisUltic wave of contraction and expansion passes over the 
Wre body from anterior to posterior end and the animal moves forward 
The body becomes shorter and wider first at the anterior end, then in the 
middle and later at the posterior end. The contraction and expansion of the 
body b due to thin, elastic pdlide and the myonemes present beneath iL 
This b a very slow movement. Lowends found that an Euelena of fSfl-64 
p long) travelled at 168 p. 8 



Fig. 1« 



" Eug/cna showing binaiy tUnlon. 
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Euglena 


Nutrition 

fjhc mode of nutrition in Euglena is mixotrophic i.e. the nutrition is accomplished cither by holoplytic or saprozoic or by 
both the modcs^ 

Holophytic or Autotrophic nutrition. Although Euglena has a mouth (cytostome) and gullet, it is doubtful if any food is 
ingested. The food is manufactured photosyntbctically. as in plants, with the aid of light, caibon dioxide and the chlorophyll 
present in cbromatophorcs. This mode of nutrition is known as holophytic or autotrophic. Photosynthesis enables the oxygen 
and a water molecule to be released, while hydrogen of the water molecule reduces the carbon dioxide present through a series 
of steps to form carbohydrates and more water. The carbohydrates are stored as a starch-like substance called paramylum. 

Saprozoic nutrition When the animal is kept in dark for a long lime or the cbloroplyll is destroyed by treatment with certain 
drugs, the colourless Euglena resulting can continue to live if provided with a medium rich in organic nutrients. This seems to 
indicate that organic substances in solution are absorbed through the surface of the body, that is. saprophytic nutrition. 

Myxotrophic nutrition. The euglenae arc sometimes bolophylk and sometimes saprozoic depending upon the external 
conditions for maintaining life. 

According to recent information, the Euglena is amphitrophic. It is holophytic in sun light and saprozoic in dark. In the 
sunlight, it is holophytic but not completely as it needs Vitamin B12 or B|. In the absence of these vitamins it will not multiply. 
This nutritional versatility is called ampbilropby. 


Respiration 

f Respiration in Euglena is aerobic i.e. occurs in the presence of oxygei/Tbe exchange of gases takes place through general 
body surface. Oxygen diffuses into the cytoplasm from the surrounding water and carbon dioxide diffused out During active 
photosynthesis in the organism diffusion of carbon dioxide inwards and the output of oxygen mask the respiratory diffusion. 

Excretion 

Chemical processes keep on taking place in the body all the times, some of which produce materials that are of no use to 
the animal and may even prove harmful. During the catabolism of amino and ammonia is formed. It is highly toxic and dissolved 
!n wateT This ammonia must be excreted as soon as it is formed. Some of the ammonia is diffused ou, through general body 
surface. Some of the amhtonia is excreted out by contractile vacuole. The excretory role of contractile 
in the past few years. (ChaudcfauJ). The contractile vacuole is surrounded by specialized granular cy, °P * S " , J*'' cd 
c vtoolasm Ammonia with large quantities of water first collect in the region of exaetory cytoplasm as small droplets as accessory 
«cuo' c S wh", on ruse .0 form the conuac.iblc vacuole. Penodk.ll,. the vacuole reach* its maxunum • « •"< 

then burst (systole) so .s to discharge its contents in resetvoir. (torn where w.ste passes out through the cytostome. 




a-ua 
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Osmoregulation 

The primary function of contractile vacuole 
is osmoregulation or removal of excess of water 
from the body. The cytoplasm is denser than the 
surrounding water and thus has a relatively 
higher osmotic pressure. The surrounding water 
constantly enters the body by endosmosis 
through the pellicle. Moreover, water * also fig „ 
formet- in the body during «■>««"";™ ^ „ cyu.pl.sm (described above) and collects in small accessory 

unite "he contractile v.Jole (diastole, and during s,stole the water is dtscharged. , the 

reservoir. 


C 

•ecc ivory vacuo lea 
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Euglena ahowiag pallinclli »ugc. 


Behaviour 

Like other protozoans. Euglena possesses a 


good degree of irritability i.e. 


the power of responding to external stimuli. This 
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power enables it to avoid unfavourable 
environmental conditions. While swim¬ 
ming forward rotating and gyrating on its 
long axis Euglena may reach an un¬ 
favourable area. When this happens it 
turns violently usually heading into 
favourable area aga in. For this the gyration 
of the anterior end is suddenly widened 
and a new spiral path is taken. This be¬ 
haviour gives the appearcnce of an animal 
trying a particular direction and correcting 
the error, if misled. Thus, such a behaviour 
is called trial and error behaviour, but it is 
better to call it avoiding reaction. 

Reaction to light or pliototaxis. 

Euglena is sensitive to light. It swims 
towards an ordinary light such at that from 
a window and avoids strong light. The 
light is preceived only at the anterior end 
by the specialized eye-spot. This 
specialization is important since they depend upon photosynthesis for their nourishment. Euglena orientates itself parallel to rays 
of light whenever the paraflagcllar body is shaded by the eye spot or stigma. The animal adjusts its position to the direction of 
light moving either towards or away from it It is now known after the experiments of Tchakotine (1936) that if the stigma is 
experimentally destroyed by ultraviolet light, the light-reactions disappear. 



Euglena gives avoiding reaction to mechanical, thermal and chemical stimuli on a trial and error pattern. 


Reproduction 



HfrltO 


e««len.m 

era!*!*** 



n»2.« lotoiok^l, 11,1 m 


£ln Euglena only asexual reproduction occurj 
Scxull reproduction is not reported.^*he asexual 
reproduction takes place by longitudinal Binary fissionN 
and multiple fission. Encystment also takes place. / 

Longitudinal binary fission. Longitudinal binary 
fission takes place during favourable conditions. 
Nuclear division lakes place within the nuclear 
membrane. The chromomeres in the vegetative stage, 
forms pairs of chromosomes each of which divides 
longitudinally into two. The endosomc becomes con- 
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stricted into two approximately equal parts. The nucleus before its division 
migrates from the centre of body to lie just beneath the bases of the flagellum. 
During nuclear division, duplication of anterior extranuclear organelles such as 
flagella, blepbaroptasts. cytostomc. cytopharynx. reservoir, contractile vacuole 
chromatophores etc. also lake place. Soon after this, a longitudinal groove appears 
at the anterior end and gradually proceeds backwards as a result of which the body 
of animal is divided longitudinally into two halves. This division is symmetrogenic 
as one daughter is the plane mirror image of the other. 

In some species, it has been observed that the paraflagellar body disappears 
before the onset of division. In others, the stigma breaks up into small pieces prior 
to binary fission. According to some workers the flagellum is completely lost and 
each daughter cell develops its own new flagellum. Often division takes place 
while the animals arc in encysted condition. 



(cUlinoui covering 


Multiple fission and Palmella stage. During unfavourable conditions, multi- 1,1 u 
pie fission takes place in Euglena . It secretes very rapidly thick or thin cyst within which it 
divides into several (16-32) daughter euglenae. Sometimes, it loses its flagellum and round up 
into an alga-like cell in which metabolism continues and reproduction occurs by fission, thus 
forming extensive green scums on the surface of ponds. This condition is called palmella stage. 
Later flagella grow in these daughter euglenae which become free and develop into adult 

Encyst mem. This is not a method of reproduction but is a mean to overcome unfavourable 
conditions. In the process of encystment, the cysts are formed by a special type of yellowish- 
brown carbohydrates. Their shape is generally rounded and their walls arc formed of three 
concentric layers. During encystment binary fission may occur one or more times. On return of 
favourable conditions cyst wall breaks, the animal becomes active and emerge from the cyst to 
lead a normal life. 





In different species of Euglena, the cyst may be thick.sUlked or operculated and the organism lying centrally or eccentrically. 


POSITION OF EVGtJLNA 

Euglena is considered to be an animal by zoologists and plant by botanist^. 

Animat Characters. The animal characters of Euglena include: 

1. Pellicle is made up of protein and not of cellulose as in plants. 

2. Presence of cytostomc and gullet which resembles similar structures in the relatives of Euglena that are distinctly animals. 

3. Presence of contractile vacuole. 

4. Nutrition is bcterotropbic, partial or complete. 

5. Utalization of amino acids, pentoses or polypeptides as sources of nitrogen. 

6. Reproduction by binary fission. 

Plant Characters Jhc plant characters of Euglena are 

1. Presence of ebromatophore and chlorophyll. 

2. Pyrenoid bodies are present 

3. Mode of nutrition is holopbytic. 

4. Existence of palmella stage. 

5. Photosynthesis takes place in sun light 
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The main plan! like character is presence of chroma top ho res and pyrenoids. But these are present only in some species and 
these can survice even without them. Moreover, the chlorophyll of this organism contains fewer pigments then the chlorophyll 
of plants. Only few species of Euglena are autotrophic and they too only partly. In the absence of light the mode of nutrition 
becomes saprozoic. During sun light the carbohydrate formed is paramylon which differs from the plant starch as it does not 
give violet colour with iodine solution. Palmclla stage is an adaptation rather than affinity with plants. 

Thus it appears that some of the species of Euglena are true animal like while few others behave as animal at one time and 
plant at other time. Its position suggest that we should regard Euglena as the intermediate stage in the evolution of plants and 
animals. 
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TRYPANOSOMA 


Ford and Duiton (1902) were first to report that Trypanosoma was a human parasite and also the causative of ‘Gambia* 
fever: Kleine (1909) asserted that tse-tse Oy ( Glossina ) was tbe intermediate host in the life history of Trypanosoma. 

Trypanosoma belongs to the Order Kinctoplastida which comprises relatively simple forms possessing 1-2 flagella provided 
with a few accessory kinetic structures. Trypanosoma and its relatives constitute a closely knit family of pleomorphic parasites 
which are of great medical and economic importance. Members of tbe genus are found in all the classes of vertebrates but are 
pathogenic only to man and domestic mammals, probably representing recently acquired hosts. The cause of their extreme 
harmfulness to man and domestic mammals is obscure but may consist in the liberation of toxins. The pathogenic trypanosomes 
are confined to the tropical countries. They are transmitted Dorn one host to another by blood sucking invertebrates such as 
insects, mites, ticks and leeches, in whose intestine they undergo a definite cycle of development, requiring a number of days, 
before they become again infective to vertebrates. 

There are two species of Trypanosoma found in man. The African human trypanosomiasis, known as sleeping sickness, is 
caused by T. bracei gambiense and T. brucei rhodesiense are found. Tbe first subspecies is confined to the central and West 
Africa particularly in Congo and Nigeria. The second subspecies in Rhodesia. The vectors for these trypanosomes aresecies 
of blood sucking tsetse t\y-Glossina palpal is ot Glossina tachenoides. Another species is Trypanosoma emit, it is found in South 
and Central Africa in man and a diversity of mammals, between which it is transmitted by blood sucking bugs. Rhodmus or 
Triatoma megista. 

Tbe following description is based on the biology of T. brucei gambiense. 

SYSTEMIC POSITION 

Phylum 
Subpbylum 
Superclass 
Class 
Order 

' Genus 

Species 
Sub species 


Protozoa 

Sarcomastigophora 

Mastigopbora 

Zoomastigipbora 

Kinctoplastida. 

Trypanosoma 

brucei 

gambiense. 


Morphology 

^ Trvnanosoma is acellular, microscopic animal. Tbe body of adult animal is fusiform or spindle-shaped and 
. JZEXZSL .Xu me«u.es 10 - 60*1 in lengih ,nd l-»h width. Hk .n«,ior end Upet* gndtully >nd is more pointed 
S Anot end .nd i. is well tnsHted by Ike emergence of the Oee OsgcUum. 

„ . ti Hsvtv nf the organism issunounded by a thin, elastic, firm and protective pellicle. Due to the presence of pellicle 
P«//lcfe.Thebody oHhc^ 8*^^ ^ pellicle itself is made up of fine microtubules running spirally around the body of 

the animal. ... > 

. „ . cinplc flagellum (uniflagellate) which arises from a minute granule, the blepharoplast or 

Flagellum. Trypanosoma bears a smgic * 
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flagellum 



pellicle 


blepharopiau 
(basal body) 
ajoneme 
kincioplan 


basal granule, situated at the posterior end of the body. Just posterior to the blepbarop ast, is a 
small rod-shaped body, the Kinetoplast (sometimes erroneously called the parabasal body), 
which is connected to the blepbaroplast by fine fibrils. These two structures usually stain as one. 
The flagellum extends throughout the length of the body. It remains attached to the body all along 
its length by means of a thin membrane called undulating membrane which is considered as an 
extension of the cytoplasm in the form of a membrane and then emerges as a free flagellum for 
a short instances. In life, waves pass into the undulating membrane from the base of the flagellum 
to its tip. The undulating membrane is said to be an adaptation to movement in a viscous medium 

i.e. blood. The flagellum and accessory structures are called the kinetic apparatus. 

In a transverse section the flagellum shows the pattern of 9*2 internal fibres. 

Cytoplasm. The cytoplasm is not distinguished into ectoplasm and endoplasm under 
elcclronmicToscopc. In the cytoplasm there lies a large, rounded or disc-shaped vesicular nucleus. 
It is usually centrally placed but its position varies under different circumstances. In the nucleus 
lies a large endosome or nucleolus sunounded by a dear space. Chromatin is either embedded 
in the endosome or adherent to the nuclear membrane. In the cytoplasm are scattered, greenish 
refractile particles called volutin granules under light microscope. The volutin granules apparent¬ 
ly represent reserve nucleic acid. The contractile vacuoles and food vacuoles are altogether 
absent. Fine structure of Trypansoma have been studies by Vickerman (1969). Under electron- 
microscope, throughout the cytoplasm of the body is a tubular network of rough endoplasmic 
reticulum. A small pocket or reservoir is present at the posterior end of the body. These is no 
cytostomc. A single Golgi-complex is present between the nudeus and the reservoir. A single 
elongated giant mitochondrion running the whole length of the body. Its cristate may be present 
or absent depending upon the form and state of the parasite, near the basal granule and within 
the mitochondrion is a small mass of DNA, till recently called kinetosomc and parabasal body. 


Fig. 31 


Stricture of Trrpo*oioma 


Polymorphism in Trypanosoma 


Four forms of trypanosomes have been recognised on the basis of the position of kinetic apparatus. These are as follows: 

1. Leishmania or Amastigote. These arc round or oval forms with a nucleus, blepbaroplast and kinetoplast. The flagellum 
remains embedded in cytoplasm i.e. it does not come out of cytoplasm. 

2. Leptomonad or Promastigote. Body is elongated. The kinetic apparatus is anteriorly placed. The flagellum is short and 
unattached. 

3. Crithidia or Epimastigote. Body is dongated and the blepbaroplast and kinetoplast are situated anterior to the nucleus. Free 
flagellum and inconspicuous undulating membrane are present 

4. Trypanosome or Trypomastigote It has 
the structure with blepbaroplast and 
kinetoplast situated at the posterior pari 
of body. Flagellum and undulating 
membrane arc conspicuous. 

The crilhidial form occurs only in the 
invertebrate host i.e. tsetse fly. 

PHYSIOLOGY 

Locomotion 

The locomotion is performed by the 
wavy movements of the undulating 

membrane and by the flagellum. The whole ** - r OP «***~»ie<a ..dex electron microscope 

body also produces waves for locomotion. 
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Nutrition 

Food must be absorbed from the blood since no mouth is 
present. The nutritional requirements have been studied in 
hactcria-frcc culture media and arc quite complex probably as 
a result of adaptation to the special habitat. Ascorbic acid and 
licmatin have been shown to be essential growth factors. 
Pinocytosis has been observed in the reservoir. 

Respiration 

The gaseous exchange lakes place by diffusion through the 
pellicle. The animal is aerobic takes oxygen from sunouding 
medium. Oxygen consumption increases with an increase in 
temperature and glucose content of blood. With the increase in 
temperature and glucose content of blood. With the increase of 
antibodies in blood, the rate of oxygen consumption is reduced. 
As a metabolic activities CO» is formed which goes out by 
diffusion. 


Icithmama 


flagellum 


-undulating 

membrane 


baul granule 
parabasal 
body 


herpetomunat 


Cfilhidia 


trypanosoma 


Fig. 3.3 Trypouasoma showiag polymorphism. 


Excretion f 

The chief nitrogenous waste product is l j 

ammonia. It is eleminated by diffusion. —--- fife**' J jf 

Osmoregulation J t.Wf yT 7\ 1 /j ' 

Since the cytoplasm of Trypanosoma is J ’ \ |Sj ^ 

isotonic with the blood plasma, hence less /vi j •jfjj I ’ ^ 

lluid is absorbed and the animal has no prob- V // L*Jr 

lem of osmoregulation. Thus the contractile 7 ill Qff 

vacuole is absent. ^ 

Reproduction 

In Trypanosona only asexual reproduc- 

lion occurs by binary fission, and most com- A B C D 

monly it divides longitudinally. Division is 

thus sa id to by symmeirogenic. that is. produc- Fjf y 4 Trypo*osomo auges !■ biaaiy fiaaloa 

ing mirTor-image daughter cells. During bi- ci nr ,nnlast A new flagellum begins to grow out along the margin of 

"«> n»ion. .be .be b£y sp.iu ml3Wib.din.Uy. 

rom“ nledorTo'lbe' 1 pos.eno, end. fonn.ng nv„ d.ugb.e, uyp.nosomes. Thus one d.ugb.e, individual eeuins .be old flagellum 
while the other a new one. 

The sexual reproduction is unknown in Trypanosoma. 

LIFE CYCLE 

feservoirbos^where lbe p/msi.e „vcs un.ii .be app,opH,.e veteb,,, bos. u -bed. 


Trypo*oioma atages la biaary flaaloa 


Life-cycle in man 


The parasite get entry into the blood of man 


with the saliva of an infected tsetse fly Glossina palpal is when the fly sucks 
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I hr blood of man. The saliva contains an¬ 
ticoagulant to prevent the cloning of blood. 
The trypanosomes, which initiate infection in 
man. arc in the metac ye lie forms which devoid 
of free flagella. Soon the metacydic forms 
become transformed into the /<mg slender 
forms. They swim freely in the blood and 
multiply actively by longitudinal binary fis¬ 
sion. As their number is increased the host 
produces antibodies which prevernts 
glycolysis so that the inactive mitochondrion 
becomes active (by the appcarcncc of cristae 
and production of enzymes). Now the 
parasites slop multiplication and shrink to a 
iliori-unmby forms via an imemediiue form. 
Ov oid leishmania forms arc produced in liver, 
spleen and lungs of the host. These are 
probably latent forms mcnl for replacing the 
losses which occur in the blood of host. 
During the period of decrease activities the 
short and stumpy forms, which have great 
power of resistance, survive the period of 
depression and the rest die. These short and 
stympy forms now require the secondary host 
lor further development. 

Life cycle In tsetse fly 


When tsetse fly sucks the blood of an 
infected man. the blood carries trypanosomes 
to the intestine, where they survive the action 
of digestive juices. The short stumpy form are 
charged to long slender forms and undergo 
multiplication by longitudinal binary fission 
and forms numerous slender froms after about 
10-15 days. Alter several more days the 
trypanosomes make their way to the salivary 
gland of tsetse (ly. Firstly they reach the labial 
cavity and bypopharynx and thence they enter 
into the salivary glands, where they become Fjg } $ 



attached to the cells in the glandular part and * ° Life-cycle 

then criiliridia forms are produced. The critbidia forms arc characterized by a short flagellum and undulating membrane. The 
flagellum and undulating membrane do not extend in the binder pari of the body. The blepharoplast and kinetoplast lying in the 
middle of the body just above the nucleus. The critbidia forms multiply while attached to the gland wall and transfer into 
free-swimming met,icydic forms. In metacydic forms the kinetic apparatus again moves at the posterior end of the body The 
ls. be fly (C/oss/ml) become* infective 20-34 days .Re, sucking Ibe blood U. .he pr.si.es complete the reproductive cycle 
within 20-34 day* wrth item pen,ute between 7S»F-85»F. The meucydic tonus are infective stage .nd pass down through the 
duels and hypopharynx. When the tsetse Oy sucks the blood of man. along with saliva, the nteUcydic forms enter the blood 
stream of man and starts cyde. 

s/ DISEASE 

The bite of infected fly in usually marked by a dark red button-like ie*inn „__ .. 

.oca, ilebing and .niurion. The swelling is known as 



48 


Trypanosoma 


feels headache, fever and general lethargy. Penetration of parasites into the lymphatic glands leads to swelling of spleen, liver, 
glands lymph etc. With the entry of parasites into cerebrospinal fluid, the patient becomes progressively more lethargic, anaemic 
and weak finally the patient loses consciousness and sleeping sickness goes to a fatal end. 

TREATMENT 

Two drugs. Bayer 205 (also called Anaypol Germanin or Suramin) and Pern amide or Lomidine are now widely used in the 
early stages of infection ( Trypanosomiasis ). Previously arsenic and antimony compounds were used, now-a-days they are rarely 
used except for late stages when the parasite have invaded the nervous system. 

CONTROL MEASURES v/ 

The following measures are suggested to control the African human trypanosomiasis: 

1. Kill the tsetse fly with suitable insecticides such DDT. 

2. Clear forests and bushes around towns and villages. This will eradicate tsetse flies as the flics take the shelter of trees or 
bushes during the hot periods. 

3. Kill the wild animals that serve as an inexhaustible reservoir of trypanosomes. But it seems impracticable at present. 

4. Human population from the endemic areas may be isolated. 

5. A single intramuscular injection of 4 mg/kg of pentamidine remains effective for about six months against the disease. 
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Amoeba is the simplest living organism, which can 
excretion, respiration, reproduction etc. in a single cell. It was 
( 1962 ) has provided a detailed account of its biology. 


Phylum 
Subphylum 
Superclass 
Class 
Subclass 
Order 
Genus 
Species 


AMOEBA PROTEUS 

perform all its life-activities, such as locomotion, nutrition, digestion, 
first discovered by Von Rossel Rosenhofin 1755. HJ. Hirschfteld 


Protozoa 

Sarocomastigophora 

Sarcodina 

Rhizopodea 

Lobosia 

Amoebida 

Amoeba 

proteus . 


SYSTEMATIC POSITION 


Habits and habitat 

Amoeba proteus lives in fresh water ponds, pools, ditches and streams having green plants. It is also found in damp soil. 
Amoebaproteus name is derived from two Greek words (Gr. amoeba = change; proteus - a mythological sea-god, who could 
change its shape) because it always changes its shape. 


Culture 

Amoeba may be obtained for laboratory purpose from a variety of places such as organic ooze from decaying vegetation or 
the lower surface of the lily pads. 


Culture of Amoeba can be prepared in laboratory. Place some pond water, mud and leaves in 100 ml of water containing a 
few wheat gains. Amoebae will appear after a few days. To make a pure culture, boil 4-5 grains of wheat in 100 ml of distilled 
water for about 10 minutes and cool for a few days. To this solution add some amoebae from the previous culture and cover with 
glass plate. In about 10 days many amoebae will be formed in this culture. 


Morphology 

Shape and size: Amoeba is unicellular and can be seen dearly with the hdp of a microscope. It appears as a colourless, 
transparent and gelatinous mass. Its shape keeps on changing because of presence of many finger like process, the pseudopodia. 
The size varies from 0.2 - 03 nun. in diameter. Some larger forms measure 0.5 mm. in diameter, being just visible to the naked 
eyes as tiny white speaks. 


Plasmalemma. The plasmalemma is a very thin, invisible, elastic external membrane which bounds the cytoplasm. It 
measures 1-3 P in thickness. 1>e membrane is selective permeable as water and some small molecules can pass freely across it 
in both the directions, but larger molecules can not pass through. Under electron microscope it is trilaminar structure, consisting 
of twodarkly suined^iayers serrated by a dear layer. Each dark layer is composed ofmucoproteins and the light layer of lipid 
(bimolecular layer). The plasmalemma externally posses numerous, ridgelike extensions, the microvilli Zoologists believe that 
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these have adhesive properties and serve to bind the 
animal to the substratum. 

Cytoplasm. The cytoplasm is differentiated into an 
outer thin conical layer called ectoplasm and an inner 
medullary mass called endoplasm. 


contractile vacuole 


reimtini 

puudopodia 


(') 


Ectoplasm. The ectoplasm forms the outer and 
relatively film layer lying just beneath the plas- 
malemma. It is thin, non-granular and almost 
transparent. It is slightly thicker on the advancing 
side of the body and at the tips of pscudopodia 
where it forms the hyaline cap. 


(ii) 



Endoplasm. It is less fibrous and more fluid /one ,, 
of granular cytoplasm. It occurs in two colloidal 
states (Mast, 1926). The peripheral viscid or ge/slate called plasmagel and the central flowing or sol state called plasmasol. 
Modern studies have proved that the ectoplasm is gel and the endoplasm is sol state of cytoplasm. The endoplasm shows 
distinct streaming movements, called cyclosis. 

Nucleus. Amoeba has a single, disc-like or biconcave nucleus. It is usually located in the central part of plasmasol. It is 
highly granular and. therefore, refractive to light. The nucleus has a firm nuclear membrane which is double and intercepted 
by pores. Electron microscope studies show a honey comb layer under bilayered nuclear membrane. The nucleoplasm 
contains few nucleoli and about 500 small spherical chromosomes. 

Contractile Vaculole. Lying near the nucleus is a bubble-like spherical body, which is known as contractile vacuole^ At 
regular Intervals, it moves to the surface, where it contracts and discharge the water and waste products into the surrounding 
water. Thus it is osmoregulatory in function. The contractile vacuole is bounded by a delicate clastic condensation membrane. 
It is surrounded by many vesicles and mitochondria. Its position is not fixed due to streaming movement of the cytoplasm. 

Food vacuoles. A number of spherical food vaculocs small and large, containing food and water in various phase of digestion 
oc cur in the endoplasm. These arc not permanent structures, but are formed when Amoeba ingest food. They disappear with the 
egestion of undigcsliblc food from the body. 

Water K loln,les or vacuoles. Innumerable water vacuoles are scattered in the endoplasm. They arc colourless, transparent 
and lion-contractile. Their significance is not well known. 

Other organelle,. Under cIcctfon-mlCTMCOpC rbc cmlopUvm shows various organelles sueb as endopla,micre ,UuHm 
milocltondira, Golei-compict. l,,o,ome, and rthmome,. Tbin filamentous tmcrofibr.ls are also present tn endoplasm. Besides 
above organelles numerous minute, regularly shaped c.ystals called, bittret, and trntret, are present. 

Polarity. Although the animal ts shapeless but Amoeba is considered to have a definite polarity i.e. it has definite anterior 
. -r_ .. -n._ o.wi ...^treers nscudoDodia while the posterior end in marked by a wrinkled region, called 


end and posterior ends. The anterior end possesses pscudopodia while 
uroid. 


PHYSIOLOGY 


locomotion 

frnm onr niacc to another to capture its food-material and other organisms by forming the temporary 
Amoeba moves fromone U J = f.bc; podium = foot). These pseudopodia are formed at any pari of the 

finger-like projections^^ fo ^ lld wAm0 eb**tc termed * amoeboid movements. The pseudopod.um,.s formed 

body. The characteristic b soas |Q fonn ah |unt projection. The granular endoplasm than flows in it Asa result 

by pushing out an cnlar S C1 " 1 £ direciion of pseudopodium. This method of pscudopodial formation is 

of which Amoeba moves (or»*t t ^ fonn £ hy method it is called lobose type and pscudopodia as lobopodia. In 
type by Hyman. When ^vcnlp J by en/p ,, %r methotL H ere the pscudopodia arc formed by bursting out of ectoplasm 

some small forms, tnc tooopw 
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and endoplasm. Sometimes several pscudopodia are formed 
at the start but usually one survive, which becomes larger and 
effective, while others disappear. Several theories have been 
put forward about the formation of pseudopodia. These 
theories are as follow: 



iubturnup 


pUnn»l«n»m» 

Aaocba vcmcou ikowiig rolling movement 




dilution o( mo vonenv 


1. Adhesion Theory. According to this theory, amoeboid 
locomotion is brought about by the force of adhesion 
between the cytoplasm and the substratum. Just as a drop 

-o ^ P—U gcocr-Ny grow a-^of 

adhesion. When Se surf.ee is clear. adhesion is mo.e perfeC. .nd when i. is greasy. .dhes.on ,s less suable. Th,s .henry 
is not satisfactory and does not hold good as the 
nseudopodia are sometimes given out inde¬ 
pendently even without any contact with any 
surface. 

2. Rolling movement Theory. This theory was 
proposed by Jennings (1904). If a particle of 
carmine is placed on the surface of Amoeba 
verrucosa, it is seen that the particle flows for¬ 
ward. rolls over the anterior edge, then it stops 
on substratum until the entire animal has passed over it. then the particle move upwards at the posterior end and comes on 
the upper surface and moves forwards. Jenmnings though that the movement of particle was due to streaming movement of 
cytoplasm which made the body to roll and move ahead. This theory is also called Jemning s contraction theory. 

However, there are two objections to this theory: 

(a) Jennings performed this experiment on A. vernicoro only in which pscudopodia are absent. So that this theory could 
not be apply to A. proteus. 

(b) He was unable to explain, with certainty, the locomotion of contractile substances, which are responsible for forward 
movement 



Fig. 4.3 W^UUgMovfBKBl 


3. Surface - tension Theory. Bertliold (1886) proposed that constant internal tension forces the cytoplasm of Amoeba to shoot 
out from its surface in the form of pseudopodium whenever surface tension suddenly lowers due to local effects. This theory 
has been supported by Rhumbler and Buischli (1898). Surface tension docs exists on a fluid surface, but its existence upon 
the surface of plasmalcmma of Amoeba is doubtful. Thus this theory is not supported now-a-days. 

4. Walking movement Theory. This theory was proposed by Dellinger (1906). He observed Amoeba from the side and found 
that locomotion was a walking process. These movements start by putting out one pseudopodium and then followed by 
another. On making forward movements pseudopodium is projected out, which takes hold and afterwards contracts. During 
locomotion, the main part of body remains lifted from the substratum and supported on tips of pseudopodia. Thus Amoeba 
virtually walk on pscudopodia just as the animals move on their legs. Dellinge pointed out that Amoeba can walk on ceiling 
as well as floor. 


This theory is also called Dellinger's contraction Theory. This theory is unable to explain how the pscudopodia arc formed. 

5. Sol-gel Theory. This theory was first proposed by Hyman (1917). Later ibwp* supported by Parkin (1923-26) and Mast 
(1925). This is the most acceptable theory now-a-days. According to this tbcbtf. pie\jdopodfa Vre'ftmt.A&y change of 

cytoplasm from gel to sol and sol to gel. M. a ' 

According to Mast amoeboid movement is brought about four process : i-i ttt r f 41 

(i) Plasmalcmma attaches to the sbustratum. t* 

(ii) Pl.sm.sol moves in .he di.ec.ion of locomolion .nd comes ou. by n.pnm>ing .he pl.sm»lemm. .. .he weakes. poim. 
In this newly fonned pseudopod,um. U.e plmnusol now ch,nges into Ibe pl.sm.gel due .o which . shong gel.Unous 


inaj ir. 

o. 
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lube is formed in pseudopodiuin. 

(iii) At ihc same lime, ibe plasmagcl of 
hinder end keeps on changing into ihe 
plasinasol. This sol flows towards ihe 
newly formed pseudopodiuin so much 
so (hat ihe whole of body cytoplasm 
comes into it. 

(iv) Now the plasmagcl tube contracts and 
the body moves forward. Soon after this, 
a new pseudopodiuin is again formed in 
this direction and all above processes 
are performed repeatedly due to which 
Amoeba moves forward. 


outer plijmagcl 
convened to 
inner plaimawl 


direaion of movement 


inner plasmuol 
convened to 
outer plaimagcl 


iialionary pUimagd,^. 
plwm.tol flow* ton»»rd 


- - 

hyaline ect©pU«m 

Fig. 4.4 Amoeboid movemcet after "»ol and gel" theory 


plaimagcl moving 
backward 


pteudopodium 

forming 


hm 


, anterior 
end 


pro rein cha.ni folding 
(tolaiion) 


protein chamt unfolding 
(gelation) 


Fig 4.5 


Amoeboid 

thocry. 


itovcmcnl after 'folding and uafoldiag' 


6. Folding and unfolding Theory. This theory Fig 4.4 Amoeboid movemea. after -ao. a.d gel- theory 
is proposed by Coldacre and Lorcli ( 1950). 

According ,o Orem. "There is no do*.M*. v P "!SBf 

gelation and solution of cytoplasm occur, but it \ | \ 

is unlikely that contraction upon gelation would [— ■' 

supply the force capable to moving an A —“AvV 

Amoeba." They state that all proteins gelale \C^V5 N - / V M/ ^ )\ \ «„ tt rior 

when their molecules unfold and the solalc (Mf0ld) S —^-- S —{ c " d 

when their molecules fold. In the fluid en- ^ ^ cj\/// 

Ooplasm Ihe protein molecules lie folded com- > VV — ~: 

pacfly. these molecules unfold at the lip of the -~ ~ -Ag 

advancing pseudopodia to form a layer of protein chains folding protein chains unfolding 

straightened and attached molecules. boUucn) (gelation) 

Posteriority the protein molecules contraction Amoeboid movement after 'folding and unfolding’ 

force. In Amoeba ihc contraction is confined 4 thoery. 

lowards Ihc posterior Mdc »»!<**"”* ., (d conUactibUily in amoeboid movement with lh,l found in 

provided by adenosine triphosphate (ATP). 

7 . con,rocr,on T„^ 

slow contraction similar in many ways o contracted sUlc. The protein chains become extended at the 

,o tn r ,sm ^ icco,d, " g '° ,b,s ,h “ ry ' body 

Vi Amoeba is virtually pulled forward by the contraction at the anterior end. 

8. cation - neory. ftM* 

rr rS'-;, 4^ •—- " duc,ion in ,hc 

clastic strength is responsible for .he form.tron of pseudopodrum. 

NUTRITION 

Amoeba can not prepare i^. owl j f^^ ^l^brodeons^bof rntcro-organisbmTsiKb'as bi^e'ria.dla^om^ 

::rr 8 Ce^ - ~—-•-* —- in dw Thc ^ of 
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(1930) following methods of ingestion are employed according to nature of food particles : 

(,) Circumvallation, Amoeb* b« .o product many pseudopod,, for .ngesuug . moult feed pttidc I*' "'**™ * 
flagellates. When it approaches near food-particle the par. immediately ,n line wtth If stops moving. and P«“ d °P od ’’ 
form a cu^like stmeture. the lood<up around the food-particle. Tie rim of food-cup narrows *" d S ~" 5'““ 
other side of food-particle. The food-particle, thus, gets into the body. Alongw.th food-particle a droplet ofwater is also 
engulfed. This water droplet surrounds the food-particle and forms the food vacuole. The food vacuole is bounded by 
plasmalemma. 

(b) Circumflue nee. This method is applied by Amoeba when the prey is less-active or motionless. It extends its pseudopodia 
around the organism and envelops it completely with cytoplasm. The enclosing of the captured organism results in the 
formation of food vacuole which gets slowly into the cytoplasm. 

(c) Invagination In this method the ectoplasm and plasmalemma invaginates into the endoplams to form a small canal as 
soon as it comes in contact with the food. Later the food particles slips into the tube along with a little water and the 
mouth or opening of the tube is then dosed. 



(d) Import. In this method, the food itself 
embeds into the cytoplasm of Amoeba as 
soon as it comes in its contact. Thus 
Amoeba has not to make any special ef¬ 
fort to ingest the food in this method. 

(2) Digestion. The digestion is intra-cellular and 
takes place in the food vacuoles. The 
lysosomes, which contain digestive enzymes 
fuse with the food vacuoles and digestion of 
contained food organism slowly proceeds. 

The digestions is first carried in acidic 
medium and latter in alkaline medium. The 
digestion of starch, protein and fats takes 
place respectively with the help of amylase, 
protease and lipase in the alkaline medium. 

(3) Absorption and assimilation. The digested 
food, minerals and water are absorbed by the 
protoplasm and circulate in it. The amino 
acids are built up to form living protoplasm. 

Sugars, fatty acids and glycerols provide ener¬ 
gy and are also synthesized into storage 
products, like glycogen and fats. 

(4) Egestion. After digestion, the undigested 

food can be expelled out from any part of body Fi 8- 46 

because there is no definite aperture or 
cytopyge for this purpose. The food vacuoles 

are shifted backwards and finally come in contact with plasmalemma at the posterior end. The plasmalemma ruptures at this 
point and the undigested food goes out as the animal moves ahead. The plasmalemma soon gets repaired to prevent the 
outflow of cytoplasm. 


Ugcuioo of food by A—Circa a Horace B-Inport 
C—Circa mvilUtloa; ted D—H-Iavagiaaiioa. 


RESPIRATION 
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EXCRETION 

The nitrogenous waste products consist of compounds of ammonia such 
as urea and occasionally urates. In the dissolved state, they diffused out from 
the general body surface. It has been recently claimed that the cysuls called 
biurets or bipyramidal and triurets or tripyramidal, found in cytoplasm. 
These crystals are formed of an excretory substance, carbonyl dmrea. Some 
of these crystals are removed with undigested material and some are redis- 
solve and diffused out. Contractile vacuole also helps removing liquid 
exertion to some extent 

OSMOREGULATION 

Since the cytoplasm of Amoeba is hypertonic to the surrounding 
medium, water continuously enters the body by endosmosis. Some of the 
water also comes in cytoplasm from food vacuoles. If all this water is allowed 
to accumulate, the body will soon swell and burst So to regulate the 
of water in cytoplasm the excessive water is eliminated out from the body 
and this is brought about by the contractile vacuole. The contractile vacuole 
regularly pumps out excess water. Its working is divisible into two phases - 
diastole and systole. The growing phase up to the maximum size tcaebed is 
called diasotle and the collapsed condition is referred to as systole. How the 
water is forced out of the protoplasm into the vacuole is not known. Iherc 
are three theories for the growth of contractile vacuole. F|fr 4? 

(i) Osmosis Theory. According to this theory, the 
water passes into the growing vacuole by the 
simple process of osmosis. 

(ii) Filter at,on Theory. According to this view the 
water filters through the vacuolar membrane 
into the vacuole because of the hydrostatic 
pressure of the endoplasm. 

(iii) Secretion Theory. According to this theory the 
water is first absorbed in the vacuolar 
membrane and then secreted into the vacuole. 

It has been found that the growth of the vacuole 
takes place in spurts and not steadily. From this it is 
concluded that the fluid enters the vacuole by the fusion 
of similar smaller vacuoles. On attaining the maximum 
size (diastole) the contractile vacuole migrates to tne 
surface until it reaches the plasmalemma which sub¬ 
sequently bursts discharging the contents (systole). 

It is possible that the expelled water may contain 
some excretory ,-oducts. but there is no expenmenu. 
evidence to show such function. Flf> 4.9 
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like an ordinary cell, into two daughters 
by mitosis. It occurs during favourable 
conditions and takes about half an hour 
at C. For long such a division was 
thought to be amitotic, but it has now 
been shown that the Amoeba divides 
mitotically. Such a mitosis is called 
Cryptomitasis which, however, invol¬ 
ves the usual four phase (Prophase, 
melaphase, anaphase and telophase). 

(i) Prophase, During prophase the 
body becomes spherical, studded 
with short, blunt pseudopodia and 
very small sized spherical 
chromosomes make their ap¬ 
pearance. Nuclear membrane and 
endo6omc remain intact, working 
of contractile vacuole slows down. 

The prophase lasts for 10 minutes. 

(ii) Melaphase. The chromosomes arrange at 
the equator of the spindle-shaped nucleus to 
form a melaphase plate. The nudeus be¬ 
comes larger endosome breaks up into 
pieces. The chromosomes segreagate into 
two sets. The metapbase lasts for about 4-6 
minutes. 

(ni) Anaphase. It is marked by a change in the 
external form, the pseudopodia become 
course and thick. The two sets of 
chromosomes move apart almost entirely by 
the enormous elongation of the mter- 
cbromosomal region. Anaphase lasts for 
about 10 minutes. 

(iv) Telophase. In telophase, pseudopodia as¬ 
sume normal shape; the body first elon¬ 
gates, then constricts in the middle. Two 
sets of chromosomes reach their poles 
where each set in enveloped by a nudear 
membrane. The construction finally 
divides the Amoeba into two daughters 
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cyst around itself. This cyst acts as a protective armour within which Amoeba passes an inactive life. It comes out of cyst 
during favourable conditions. According to some workers the nucleus undergoes repeated mitotic divisions forming about 
500 minute daughter nuclei. These nuclei arrange themselves along the periphery of the cyst. A small amount of cytoplasm 
collects round each nucleus. Forming a daughter Amoeba called amoebula or pseudopodiospore. When favourable 
conditions arrive, the cyst breaks off liberating amoebulae, each with fine pseudopodia. They lead an active life and grow 
into adults in due course of time. 

According to modem workers, multiple fission in encysted Amoeba is doubtful. 

4. Conjugation. According to some workers, sometimes two amoebae conjugate for some time and then separate to lead their 
independent lives. Although there is no definite evidence for conjugation. 

REGENERATION 

Amoeba has a great power of regeneration. If it is cut into small piece, each piece, containing a part of nucleus, rapidly 
regenerate into a complete Amoeba. A piece without nudear part, does not regenerate and soon dies. 
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ENTAMOEBA HISTOLYTICA 


Most amoebae are free-living, but some are endoparasites. They have adapted themselves to live actively in the intestine of 
many invertebrates and vertebrates. Besides weakening the host body by obtaining nourishment from it, these many cause 
diseases and. hence, called pathogenic parasites. One of such pathogenic amoeabea is Entamoeba histolytica. It was 
by Lable(lSS9). Lasch(\&14) discovered its pathogenic nature. Koch(\887) first saw it in the intestinal section. Kortulis{\HST) 
in the liver abscess. The name £. histolytica was given by Schaudin (1903). The structure of this parasite has been studied by 
Nollar (1922) and Kofoid( 1927). Elmassion (1909) and. Walker and Sellards (1913) studied its pr^yUc suge wh.le Wor^nn 
and Prowazek (1907) studied it cystic stages. Do6W/(1909-28) studied its binary fission. Cleveland and Sandtrs (1939) studied 
the exeystment. THe ultrastructure has been studied by Miller et 0/(1961) and Feltchere, al( 1962). It 

or'amoebiasis* that is why it is commonly called dysentery amoeba'. £. histolytica also occur ,n other mam^h. lower 
vertebrates and some invertebrates, often without evident damage to these hosts. Laboratory turtles, snakes and frogs •»« C°mmon 
sources for study. The contents of lower intestine may be examined by diluting with physiological saline solution on slide, 
solutions disclose the nuclei in temporary stain, while iron hemotoxylin is preferred for permanent preparation. 


SYSTEMATIC POSITION 


Phylum 

Sub-phylum 

Superclass 

Class 

Sub-class 

Order 

Genus 

Species 


Protozoa 

Sarocmastigopbora 

Sarcodina 

Rhizopodea 

Lobosia 

Amocbida 

Entamoeba 

histolytica 


Distribution 

population is infected by this parasite. 

Habits and habitat 

*. mentioned E. hiuolylica occurs in min and other mammals like dogs. cat*, rats, monkeys, baboon, ^.mpanzcc. gonll. 

causes a'serio us ! a nth ofien fatal disease knosvn as nmoefue dysenrery. Patients of this disease discharge mucous and blood u. the,, 
stool. 

Morphology 

_ ^ form off histolyticais called the trophozoite which usually ranges in long diameter from 15 - 25 M* ** 

rese^esT^tTs^fnrra, de'tails. U is fmunded'by a thin. Hexible. i.ansparen, semipenneable membrane, th« 
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plasmatemma. The cytoplasm is differentiated into 
outer ectoplasm and inner endoplasm. The ec¬ 
toplasm forms a thin, clear, relatively firm outer 
layer. The endoplasm is granular and more fluid 
part A single pseudopodium is formed of ec¬ 
toplasm only. 

In the endoplasm a nucleus and several 
vacuoles are present. The nucleus is vesicular and 
rounded. It is bounded by a delicate nuclear 
membrane, whose inner surface is encrusted with 
a fine peripheral layer of chromatin granules. The 
karyosome or endosome is small and centrally 
placed in the nucleus. It is often surrounded by a 
clear area or halo. The size of nucleus is about 4-6 
H in diameter and it contains six chromosomes. 

In the endoplasm, food vacuoles vary in size and number are present Tliey enclosing red blood corpuscles, white blood 
corpuscles and debris of epithctical cells and bacteria. The contractile vacuole is entirely absent 

PHYSIOLOGY 

LOCOMOTION 

E. histolytica is a monopodial as it gives out a single, large and broad pseudopodium in the direction of movement The 
pseudopodium is called lobopodium. In the lobopodium, the outer clear ectoplasm remains sharply differentiated from the inner 
granular endoplasm. The movement is slow and sometimes called Umax type movement as it resembles the slow crawling of 
slug (Umax). 

NUTRITION 

The mode of nutrition is holozoic. It feeds mainly upon blood corpuscles, fragments of epithetical cells and bacteria. It is 
believed to secrete cytolvsin, a protein digesting enzyme that dissolves the epitbial mucous membrane and liberates the blood. 
It than capture blood corpuscles with pseudopodium. It also absorbs substances saprozoically from the surrounding medium. 

RESPIRATION 

htnee microacrobi ^ ***** “ * VaU ‘ ble bU ' IMCrobk whcn oxygcn “ no ' aval>blc - *« requires very little oxygen 



EXCRETION 

The nitrogenous waste product formed is ammonia which is diffused out in host’s tissue. 


REPRODUCTION AND LIFE-CYCLE 


in the new host after exeystation. encysted stage >n one host and completed 


The life cycle includes two phases of development Le. trophozoite and cyst, with a transitory piecystic stage. 

^^ - 

upon u,e b * c,eri * ,nd hos ' *“■ d ' m ' n " ^ ***“—» * 
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host cells while olhers, under certain circumstances 
which arc not well known, remain small (7 - iOu in 
diameter) and retreat into the lumen of the intestine. 
These small forms arc rounded and sluggish and arc 
known as precystic or minuta forms. The minuta forms 
do not eat tissue cells and blood corpuscles but feed 
only on the bacteria. It is the non-molile and non 
feeding stage thus it is non-patbogenic to man. 

Encystment. The precystic forms undergo encys- 
tation only in the luman of the intestine. They round 
up and secrete a thin, flexible, refractile and resistant 
cyst wall around themselves. The cyst of E. histolytica 
is spherical body measuring 10-l5u in diameter. Its 
cytoplasm is clear and hyaline containing two 
chroma toil bodies and many glycogen vacuoles. Ac¬ 
cording to Pitelka (1963). the ebromatoid bodies arc 
composed of ribo-nuclcoprolcins. These bodies disap¬ 
pear as the cyst matures. At this stage the cyst is 
uninucleate. Soon the single nucleus divides mitoti- 
cally into two and the cyst becomes binucleate. Next 
division results in four nuclei and the cyst now be¬ 
comes tetranucleate or quadirnucleate. Now the cysts 
come out of the body of host with the faeces. The cysts 
can remain alive for many weeks outside the body of 
the host till they reach in the new host. 

Transfer to new host. The cysts reach the 
alimenatary canal of new host with contamination of 
food and water. The food can be contaminated by any 
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of the following water: 


(1) By dirty feeding habit 

(2) By coming in contact with contaminated water. 

(3) By collection of cysts on food substances by insects like house-fly. cockroach etc. 

(4) By eating uncooked vegetables and fruits. 

- a r fnrrrr. The exevstation of cyst and metacystic development have been observed and studied by 

ExcystaUonirxdmetQcy site font «• y ,J fcs Ex Matlon is , hc process of transformation of cysts to the 

DoIkII (1928) and. C^cland and Anders (13 ) n ' cffec| of g>slric juice in stomach on them. On reaching 

trophozoites. The cysts reach ^ act JJ of ^psin and a Iclranudcaicd amoeba (the metacystic form) comes out in 

the intestine their cyst wall in' <*•» J of nuclear and cytoplasmic division producing eight uninucleate 

~ 1 *' '**' “• '" Vldc ,bc mucous ind 

submucous lining and grow into mature trophozoites. 


Pathogenic efTecls 

of disease are seen. 

, Amoebic , r - T ^'fiued 

w^^ouT.Uctri.. amoebae and ce..-dcbns. Tbe abscesses poo, ,bei,con,c„.s in.o U,c .omen of in.es.ine. Inamoeb.c 
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dysentery, the stools arc acidic and contain pure blood and mucous in . , mucous 

usually present. The patient is largely discomforted owing to intense gripping pains with the passing 
with stools after every few minutes. 

2. Abscesses in liver, lungs and bra,n. Sometimes. E. histolytica passes into tbe portal circulation and then to Ifru where: the 
parasites settle and form abscesses in the liver by attacking the liver tissue. The patient has pain in liver and tcvcti m»y 
develop. Lung abscesses may also occur. The trophozoites through blood circulation may also enter spleen, gonads and 
brain where they also destroy the tissue causing specific abscesses. Abscesses elsewhere arc rare. In acute cases, they mignt 
prove to be fatal. 

Treatment. The permanent cure is sometimes difficult. For prompt relief of acute dysentery the injections of Emelin arc 
given. Certain antibiotics such as Fumgillin. Aureomyxin, EryUiromycin and Terramycin are more effective for oral treatment. 
In chronic cases, certain arsenic compound like Vioform and Carbarsone and iodine compounds such as Yatran, Didoqutn arc 
effective. For amoebiasis of liver and lungs CMoquine is quite effective 

Prevention. Following measures arc essential in the prevention of tbe disease: 


which swarms of amoebae and blood corpuscles, are 


1. Washing of hand with antiseptic soaps and water before taking food and after toilet 

2 . Sanitary disposal of faecal matter. 

3. Perfect sanitation and protection of water and vegetable from pollution. 

4. Protection of foods and drinks from contamination by house-flies, cockroaches etc. 

5. Use of boiled water and properly washing the vegetables and fruits. 

6 . Avoiding open field and road sides for passing out stools and chemicals treatment of human faeces, if used as fertilizers. 


SPECIES OF ENTAMOEBA 


Entamoeba coli 

It is the most common species to occur in about 50% of the 
human population world over. It lives in the lumen of colon and 
does not enter the tissues of the wall. It is a non-pathogenic species 
as it docs not cause any disease to man. It feeds on bacteria, 
undigested food and other debris but never on the tissue. It is, 
therefore, called endocommensel. 

Like E. histolytica its tropboites measure !5-40u in diameter. A 

The cytoplasm is less distinct in ectoplasm and endoplasm. Tbe 
nucleus has a comparatively larger nucleus or endosome not placed 6 5 3 E Coii ‘ A “ Tro ** w>u * 
in the centre. Tbe nucleus measure 5-8u in diameter. Numerous food vacuoles are seen but they contain bacteria, faecal debris 
etc. The cysts arc spherical or often ovoid. Immature cysts contain 1. 2. 4 nuclei while the mature cyst has 8 nuclei. In young 
cyst besides 4 nuclei one or more glycogen bodies and small number of chromatoid bodies are present. Tbe infection takes place 
through cysts in stool of infected man passed out and taken by new host by contaminated water or food. Its life-history is now 
known. According to Hcgner. the cysts hatch as 8 nucleated amoebae. 



Entamoeba gingivalis 


The mou.h amoeba. E. ginglixalis lives in .he moulh usually between .he lecih and gums. 1. is also found in abscesses of 
gums, .ons.lse.c- According ioKofoU 75% people ovc. 40 years of age harbour this amoeba. The Irophozoi.e measures 10-20u 
mdiameter. The cy.opl.sn, ...d,fre,cn„.,ed ,„,o an outer dear cc.opl.sm and a hyaline and v.cuola.ed endoplasm. The nucleus 
.s present in endoplasmi measuring 2-4u m dumcer. I. conuins a cen.rally placed endosome or nucleolus. The Irophozoi.e feeds 
on badem, cellular debnes and wb.tc blood corpuscles. There are many pseudopodia all are will, blunl ends. 

In E. gingivalis U.e cys. have no. been seen since i, is directly transmined foam one human ,o another by co„u,d during 
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kissing or in feeding. 

Il was believed earlier that E. gingival is caused pyorrhoea. Fortunately, 
they are not pathogenic but probably they aggravate the disease of pyorrhoea 
by destroying the tissues in gums. 

Entamoeba Hartmanni 

E. hartmanni closely resembles the minute or precystic form of E. his¬ 
tolytica. It lives in the colon of man. invades the intestinal tissues and cause 
amoebic dysentery, but is less harmful. The trophozoites measure 9-14u in 
diameter. The nucleus is more compact. The cystic forms measure less than 10 
H in diameter. 



leucocytes 


Fig. 5.4 


E. gingivolis. A—Trophozoite B—E*g«lf\»g 
liacotyu. 
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ELPHIDIUM OR POLYSTOMELLA 


Elphidium is . shelled p.oiozo.n belongs to .be oeder-Foreminiferide, d^s-Rhieopodes. |B shell is performed by numerous 
minute pores hence the name Foraminifera (L. forare-potes,feree-to bear) is given to this order. 

SYSTEMATIC POSITION 


Phylum 

Sub-phylum 

Supcr-da&s 

Class 

Sub-class 

Order 

Genus 

Species 


Protozoa 

Sarcomastigophora 

Sarcodina 

Rhizopodea 

Granuloreticulosia 

Foramaniferida 

Elphidium 

crispum 


Habits and habitat 

Elphidium is a free-living and marine protozoan. It is a bottom dwelling form found at the sea floor to depth of 540-600 
meters. It slowly creeps along the sand and sea weeds. It is omnivorous. It shows dimorphism and the life-cycle shows alternation 
of generations. 

Morphology 

Body of Elphidium is covered with a hard and trans¬ 
lucent; biconvex and oval or spherical shell made up of 
calcium carbonate and silica. The shall is perforated with 
several chambers (about 45-50). All the chambers are filled 
with cytoplasm ( Polyhalamous ). The shall is pale-yellow in 
colour and measures about 1 mm in diameter. The surface of 
the shall is beautifully chiselled bearing tiny tuberdes. The 
central part of the shall forms the rounded umbo while 
peripheral part the keel. The chambers of the shall are V- 
sbaped, laid down serially and arranged in a flat spiral in 
which each wbort of chambers overlaps the previous one Le. 
equiiaru. The overlapping portions are called alar processes. 

Due to overlapping of the chambers only the last chamber is 
visible from outside. The binder margin of each chamber 
bears a row of projections, the retralprocesses. The adjacent 
chambers remain separated from each other by perforated 
septa through which cytoplasmic continuity is maintained. 

The first or initial chamber formed by the animal is 
known as proloculum. As the young grows, its cytoplasm 
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overflows through the aperture of proloculum. The extruded cytoplasm rounds itself off and secretes a new chamber. By the 
repetition of this process a multicbambcrcd shall is formed. Each new chamber is larger than the predecessor. 

In Elphidium there are two types of shells differing in relative sizes of the procuTum. If the proculum is small and is fronted 
by the individual developing from zygote, the shall is called microsplieric. In others the initial chamber or proculum is 
proportionately larger and they have produced by individuals resulting from sebizogofty. Such shells are called megalospheric. 
Thus the animals show dimorphism. The differences between two forms gfy n in the table. 

Cytoplasm. The shall-chambers are filled with cytoplasm. The cytoplasm is viscous and granular in nature. There is no 
marked distinction of ectoplasm and endoplasm. The cytoplasm contains single nucleus in megalospberic forms and many nuclei 
in nticrosphcric forms. The nucleus is vericular in form and contains several nucleoli in its nucleoplasm. The contractile vacuoles 
arc absent. Coloured granules or globules called xanthosomes. commonly occur in cytoplasm. These representexcretory matter. 



Megalospheric 


Microsplieric 

L 

Proloculum large but thin wallcd- 
dianieicr 60-100 p. 

1 . 

Proloculum small but tbick-walled- 
diameter about 10 p. 

2 . 

Second chamber hom shaped. 

2 . 

Second chamber spherical. 

3. 

Uninucleate. 

3. 

Multinudeale. 

4 

Gamonl-baploid. 

4 

Scbizont diploid. 

5. 

More common. 

5. 

Less Common. 

6 . 

Re Ira 1 processes present in all the chamber. 

6 . 

Rctral process found in later chambers only. 

7. 

Rotation of chamber counter clockwise. 

7. 

Rotation of chambers clockwise. 


Under election-microscope ribosomes, endoplasmic reticulum. Golgi-complex, mitochondria are visible. 


Pscudopodia. Pscudopodia arc ieo.po.ary protrusion of the cyloplasm by means of which Ihcse ini mtli 
arc long, slender, brand,mg and anastomosing. These are known as rciculopodia o, mysopod.a. Each" ' 
of an inner fibril-likc mi, and an order fluid-like cones. They are very ac.rvc. They are w.rhdr.wn and put 
freely wave abour in warer. The reliculopodia are arranged in bundles and help Ibc organ,sms nr locomotron as well as ,n mormon. 


PHYSIOLOGY 


LOCOMOTION 

The animal slowly creeps along the sand or se.-w.eds a> .be sea door. The locomotion is performed by re.iculopodia. which 
help the animal to drag its shell along. The movement is very slow i.e. 4-6 mm. per hour. 

NUTRITION 

is completed before the food reaches the shell. 

RESPIRATION AND EXCRETION 

passed out by the retracting pscudopodia. as the animal creeps along. 
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Fig. 6.2 
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OSMOREGUIJVTION 

As ibc animal is marine so lhal the osmotic pressure of 
cytoplasm and its surrounding medium is almost equal. Nc 
water enters in Ibc body in excess. Thus there is no necessity 
of osmoregulation hence the contractile vacuole is absent. 

Reproduction and 1 Jfe*Cycle 

The first attempt at the study of life-cycle was made by 
Scluwdin (1900). Later Lister (1903) added some informa¬ 
tion on the reproduction in Polystomella. Myers (1930-40) 
made further observations and most of the earlier findings 
were confirmed by Le Calvez (1938. 1950) who provided 
the first complete account of the life cycle of this genus. 
Jepps (1962)gave a detailed account on the life-cycle. Grell 
(1967) found that gametes are hcploid and the amocbulac 
produced ascxually by the microsphcric forms are diploid. 

Typically there are two generations in the life-cycle of 
Elphidium a sexual one (gamont) which alternates with an 
asexual one ( schizont ). This alternation of generations is 
further combined with dimorphism in the adult condi¬ 
tion. 

1. Asexual phase or microsphcric forms. 

The microspheric form reproduces asexually 
which is therefore known as the agamont or schizont. 
The microspheric arc smallest forms as described by 
Scluiudin. It has nine chambers and 28 nuclei. The 
nuclei arc irregularly scattered, although they arc ab¬ 
sent in terminal chambers. Nuclei multiply by simple 
division. Nuclei give off irregular strands of darkly 
staining substances, which are called chromidia by 
some authors. 


Fig. 6.3 


Elp/iiiium. A—M»cropkeric form. It—MicropScric 
form. 


The first indication of reproduction starts with the 
great inocasc in the number of pscudopodia the protoplasm streams out and forms a halo around the brown shall. Within a short 
time, coarse brown granules, the cliromidia pass ouL A large number of new nudei arc recognized from the chromidia. A bit of 
cytoplasm gcathered around each nucleus. These give rise to small amoeboid bodies called amoebulae or psetuiopodio spores. 
Each amocbula secretes a shall that later becomes proloculum of macrospbcric form. New chambers are added as the animal 
grows in size. Thus a macrosphcric form is formed from the microspheric form by multiple fission. 


2. Sexual phase or raacrospherk forms. 


The sexual reproduction occurs in macrospbcric forms so that they arc called gamonts. The nucleus of gamont divides into 
numerous nuclei and also the cytoplasm. Each nucleus is surrounded by a bit of cytoplasm, which acquires a pair of flagella. 
This minute biflagellated gamete is called flagellula or zoospore. The formation of gametes occur within the parental cell. The 
gametes arc released in the surrounding water through the foramina of parent shell, they swim about freely for sometime and 
then become somewhat elongated. The gametes from different macrosphcric forms unite in pairs to form the zygote. The zygote 
loses its flagella. Each zygote secretes a shall around itself and becomes a young microspheric form. The first chamber is small 
and called proloculum. New chambers are laid down. Nucleus divides several times to form several nuclei. The first division is 
meioUc so all the nudei are haploid. With the division of nucleus, the cytoplasm docs not divides so a multinudcated condition 
is found. The microspheric form on becoming full-grown, undergoes asexual reproduction Le. multiple fission 
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According to Jepps, it takes about two years for 
a complete dimorphic cycle in Elphidium crispum. 
The slow pace of the cycle is related to the amount of 
growth, the young gamont must undergo before 
maturity. The gamont develops a test with about 4 or 
5 chambers in about eight days. The 6th chamber is 
computed after about eleven days, the 15th chamber 
in about one month and usually 40th almost four 
months. From the above description it is evident that 
each phase lakes a sufficiently long time to mature, 
and that is why the life-cycle takes a long period. 

Alternation of generations. 

The life-cycle shows the phenomenon of alterna¬ 
tion of generations. The asexual form (the micros- 
pheric) gives rise to several amoebulae or 
pscudopodiospores, which form macrospberic forms 
(sexual forms). These, in turn, give rise biflagcllate 
isogametes by multiple fission. These gametes fuse to 
form zygote. The zygote forms macrospberic form. In 
this manner two generations alternate with each other. 


Fig. 6.4 
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RADIOLARIA 


Radiolaria are exdusively marine and chiefly plagic. They are found equal well in warm and cold water, littoral or oceanic; 
surface dweller or inhabiting deep down upto 500 meters. West areas of oceanic floor are covered by the ooze of radiolarians. 
Many of the radiolarians show bioluminescece. Their zoological history gets back from the Solution Period and they are one of 
the earliest known animals. 

The body is generally spherical and ranges from 50 to several mm., and the colonial forms to several cms. The prevailing 
symmetry is radial or bilateral although asymmetrical forms are also found. 

The cytosome is divided into two regions: an extra-capsular »nd an inxra<apsulor by the central capsule. The capsule is a 
thin, delicate structure of a single or double membrane of pseudo-chitinous or mucoid nature. In shape it is spherical, ovoid, 
lobate or branched. The capsule may increase in diameter with the growth of animal and it dissolves during fission in simple 
forms. Perforations either distributed uniformly or concentrated in one or more groups. The perforations permit continuity 
between the extra-capsular and in tra-capsular cytosome. The extra-capsular cystosome is primarily considered with floatation 
and digestion of food. Three zones are distinguished in it sarcomatrix, calymma and sarcodictyum. 

Thesarcomatrix or assimilative layer immediately surrounds the central capsule. It contains pigments, excretory substances 
and undigested food material. In some Tripylcans aggregation of the excretory substances and food material produces greenish 
or brownish mass surround the aperture of capsule called phoedhim. The calymma or the vacuolated layer lies in a wide zone 
next to sarcoma trix. It is filled with vacuoles containing water, saturated with carbon dioxide which gives buoyancy. When the 
vacuoles burst the specific gravity of individual increases and it sinks; when the vacuole reappears the specific gravity decreases 
and the animal rises. In the calymma are usually symbiotic zooxanthellae are present, which are modified dinoflagellale. 
Zooxanthellae are absent in deep sea individuals. Fat drops, oil spheres and pigments are also present in the calymma. The 
sarcodictyum is in a thin film on the out side of calymma, from it extends slender filamentous pscudopodia. 

The typical pscudopodia are axopodia which arise from inside the central capsule and radiate in all directions, some 
pseudopodia are provided with myoneme, which produce circular group of short, rod like body clustered round each radial spine. 

The intra-capsular part b the seat of reproductive activity, it b granular often vacuolated. It contains one or more nuclei, 
pigments, oil-droplets, fat-globules and crystals. Zooxanthellae are also found in it sometimes. 

The skeleton b absent in certain forms as Thalassicola. In others the skeleton b present in various stages of development 
It b formed of strontium sulphate while other consbts of siliceous substances. In Actipylma the skeleton b composed of 20 rods 
radiating from centre and emerging from body in five circle comparable one equitoreal. two tropical and two circumpolar regions. 
This arrangements after Muller b known as Muller's Law. 

The siliceous skeleton may be in the form of rods and spines which usually lies outside the capsule. The rods and spines 
may be mtracapsular or inter-nudear in some forms like Acantheria. The skeleton may be in the form of one or more layers of 
lathe work, peripheral and concentric with central capsule. In the later case the lattice work may lie in the nude us, in the 
rntra-capsular cytosome and extra-capsular cytosome. 

Radiolarian are not swimmers. Some of them rise and sink in response to changes in the environmental conditions by 
regeneration or collapse of vacuoles, such a mechanism allows animals living near the surface to sink when the sea b rough or 
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temperature in the upper region of water is unfavourable. The 
filamentous, cylinder pseudopodia which come out from extra- 
capsular cytosomc help in creeping along hard surface. 

Ridiolarians feed on microplankton like diatoms and 
various protozoa. The food is captured by pscudopodia and by 
their contraction is drown in sarcomatrix where it is digisted in 
food vacuole. Radiolarian, can live without food if kept in 
sun-ligbt due to zooxanlhcllac which occur in calymma except 
in Actipylina where it is found in intra-capsularcytosome. In the 
absence of organic food the radiolarian lives on the reserve made 
by zooxanthellae through bolopbytic nutrition. 

Asexual reproduction by binary fission occurs in many 
forms or forms with simple skeleton. In any individual (with a 
simple skeleton), the central capsule is divided and the skeletal 
elements are passed to daughter organisms. Fission is also known 
to occur in helmet-shaped skeleton bearers, in such forms one 
daughter organism retains the old-shell and the other leaves the 
parent shall and forms a new skeleton. Multiple fission is also 
known from forms like Tlialassophysa. The central capsule 
becomes irregular and the nucleus divides into a number of 
globules around a number of which cytosomc gathered to form 
small ovoidal masses. Finally the extra-capsular and intra-cap¬ 
sular cytosome breaks up into numerous small multinucleatcd 
body. Multiplication by budding also takes place in some forms. 
The multinucleatcd individual gives off buds each with a number 
of nudei. Buds separate and develop into new individuals. 

Sexual reproduction by swarm formation is known in some 
forms. In Thalassicola the central capsule becomes separates 
..... - f rom ibe body and its nucleus divides into vary many nuclei. 

Around each nucleus cytoplasm gather and each mass develops a flagellum Tb, capsule now 1 “ 

hundred me.res where it ruptures liberating .be sw.rmers both bcsw,rmers<, = s> 

is unko.iwn. 


Fig. 7.1 


Some Radiolariaas. A -Ato»iho»xiro. B -Am- 
philonrht. C— DitryaeoHlh*. 
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MONOCYSTIS 


One of the largest «nd best-known acphaline gregarines is Monocystis, which almost always can be found in the seminal 
vesicle of the earthworms, Pheretimaposthuma, Lumbricus terrestris, L. rubellus and L. Cosianeus. 

SYSTEMATIC POSITION 


Phylum 

Sub-phylum 

Class 

Sub-class 

Family 

Genus 


Protozoa 

Sporo/ora 

Telosporea 

GTcgarinia 

Monocystidac 

Monocystis 


Habits and habitat 

Monocystis is an inhabitant of a pari of reproductive apparatus of the earthworm. Various stages in the life-history are 
invariably found in the seminal vesicles of earthworm (endoparasiles). The common species of Monocystis are: Monocystis 
lumbrici, M. phereiimi (Bhatia and Chaterjee), M. beddardi (Ghosh), M. Iloidi (Ghosh), M. magna, M. agilis and M. bengalensis. 



To obtain living parasites, an infected worm can be anesthetized by submerging it in 7% alcohol or 5% cbloretone. After 
such treatment, the anterior third of the animal should be slit open along the mid-dorsal line and the body wall reflected. If small 
pieces of seminal vesicles, large lobed organs located approximately in 
segments 9-16, are pinched off with forceps and gently teased in 0.75% 

NaCl solution, large ciliated - appearing trophozoites (200 by 70 p and /p7ia\ 

cysts 160 (i in diameter) will readily be found. ... 


Shape and Size. The trophozoite is the adult and feeding stage of the 
Mynocystis. It b an elongated spindle-shaped and Oatcnncd animal. It is ImWjv 

about 200n in length and 70n in width. pwwnytwn 

Pellicle. The body of the trophozoite is bounded externally by the 1 jE/ 

thick, smooth and porous pellicle (also called ectocyte). It may be __ |ranu Ux —-wVRJ3/ 

modified in various ways Le., it may be striated or thrown into elevation wiopUnn 

and furrows or hair-like processes. vWttu 1 / 

In M. agilis, at the anterior end and on one side is a small some what BNjS "euopUim uftSl 

pointed rose thorn-like process called macron. It is supposed to help in ^_pdikk V $r| 

Cytoplasm. The cytoplasm can be differentiated into outer ectoplasm s^mimuita q'wl 

| * nd inner endoplasm. The ectoplasm in further differentiated into an outer ^ 

| homogeneous sarcocyte and an inner myocyte. In the myocyte are found Flg .8.l ht«,<Ky*s. A-rrojAoiolte B-Mmrt uopfcoioKe 
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longitudinally running tracts of cytoplasm called 
myonemes, especially developed contractile 
structures. In some species circular myonemes 
are also present. 

The endoplasm contains granules of 
paraglycogen in large number. Besides volutin 
granules and fat globulcd arc also present. 

Nucleus. Within the endoplasm there lies a 
single vesicular nucleus. It is surrounded by a 
delicate nuclear membrane and contains a clear 
liquid in which are suspended denser bodies 
called nucleoli or karyosomes. Chromatin is dis¬ 
tributed throughout the nucleoplasm. 

Under electron microscope the endoplasm is 
seen to contains other organelles like Golgi com¬ 
plex, mitochondria etc. The mitochondria are 
more in number at the periphery. Due to parasitic 
mode of life cilia, flagella, contractile vacuole, 
food vacuoles, cytostomc and cytopharynx are 
absent. 


PHYSIOLOGY 

lAKomotion. Active locomotory organelles 
are absent in Monocystis so that the trophozoite 
shows only slow wriggling movement brought 
about be the rhythmical contractions of the 
myonemes. This type of locomotion is ailed 
gregarine movement because it occurs in all the 
members of order Gregarinida. This is similar to 
the euglenoid movement of Euglena. In fact, the 
parasitic mode of life reduces the need of active 
movement 


Fig 8.2 Life cycle of Mon*cy$tis 


Nutrition. Saprozoic type of nutrition is seen 
in Monocystis. It does not ingest food particles 


III j -—- ^ 

as ciliate for sometimes. .. . 

Respiration. Respiralion is aerobic. He 8 >MOUS ' xch '"*' in .be parisi.c is diffused 

d . . —g 

mcd^n^^^dlffw^n.^om'lbe'medium'fbeyT^drained^wa^by'lb^bloc^'lo'be ^isfK*sedoff by^Texcre.ory system of host. 

Behaviour. Very litlle is known about the irritability in Monocystis as i. lives in a remarkably uniform environment so ere 
is no need of any active response by tbe organtsm. 
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REPRODUCTION AND LIFE CYCLE 

The life-cycle of Monocystis b completed in one host i.e. the earthworm. Thus Monocystis is monogenetic. The tropohozotte 
lives freely for sometimes in the sperm morula (it is a group of developing sperms or spermatozoa) of host It feeds on the sperm 
protoplasm and grows in size. Soon the fully adult trophozoite enters the reproductive phase which is divided into three stages: 

1. Gametogony orgamontogamy. 

2. Syngamy or Conjugation 

3. Sporogony. 

1. Gametogony. 

The gametogony is a method of sexual reproduction which involves pairing of gamonis and formation of gametes. 



(a) Syzygy. After feeding stage each trophozoite changes into gametocyte or gamoni. Gametocyles come together in pairs. The 
two then secrete a common resistant and protective cyst wall called gametocyst or gamoniocyst or association cyst. The 
latter word has recently been given by Marshall and Williams (1972). The cyst wall is bilayered, an outer thick and rigid 
ectocyst or epicyst and an inner thin endocyst . Fusion or conjugation between two gametocytes does not take place in cysL 
This type of pairing of gametocytes is called syzygy. _ 


(b) Gamete Formation. Within the cyst-wall the gametocyles 
shrink further and exude some fluid that fills the narrow 
space between them and endocyst and is called the cystic 
fluid. 

Each gametecyte produce a number of nuclei by the mitotic 
division of its nucleus. The nuclei thus formed, move to the 
periphery of gametocytes and each gets surrounded by a small 
amount of cytoplasm to form gamete. The gametes project from 
the surface of the gametecyte, giving it the appearance of mul¬ 
berry. A small amount of cytoplasm is left as residua! cytoplasm 
in the gametocytc. This cytoplasm is vacuolated and contains 
some paraglycogen granules and serves as a medium in which 
the gametes live. The gametes arc isogametes in M. pheretimi as 
they are similar in shape and size. They are haploid and each 
contains S chromosomes. Recently it has been suggested, on the 
basis of new findings of some workers, that sex differentiation 
occurs between gametes of two gametocytes. These may be in 
the form of cytoplasmic inclusions or in shape ( anisogametes ). 
For instance, it has been pointed out that the male gametes have 
a pointed taD or are flagellated. Flagellated microgamcles of Af. 
marazeki as founded by Holme an be cited as an example. 

The gametes produced in one gametocytc arc of the same 
sex and are equal in number to those formed in its partner. 


It involved the fusion of gametes sooner or later, the middle Fig. 83 ForaatJoiofiibgimtierU 
wall separating the gametocytes break down and their contents 

intermingled. The gametes now fuse in pairs to produce dipoloid zygotes. It is as a rule that two gametes uniting in a pair come 
from different gametocyte. Many zygotes are formed within the gametocyst by syngamy. 
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3. Sporogony 

The developing zygote b also called sporblast. It is spherical in the beginning but transforms itself into a single-walled 
boat-shaped body. It secretes around itself single-layered, transparent chitinous wall called spor cyst. The sporoblast thus changes 
into the spore. It possesses a mucoid plug at either end. The spore now acquires the characteristic form of a boat resembling a 
diatom, Nevicella and therefore, it was termed by some earlier zoologist as Pseudonevicella, but it is now called zygocyst or 
spore. 

After a brief resting period, the spore undergoes multiple-fission called sporogony. In this process, its nucleus is divided 
three times, the first division is meiotic, resulting in eight nuclei Each nucleus soon gets surrounded by a bit of cytoplasm. The 
uninucleated masses of cytoplasm, thus formed, are known as sporozoites or zoites. Each sporzoite is slender, elongated, 
sickle-shaped body and, all the sporozoites are arranged like the loculi of an orange around a core of residual cytoplasm. All the 
sporzoites are hoploid and occur within the gametocyst formed at the time of syzygy. 

The spores are liberated into the cavity of seminal vesicle of earthworm by the rupture of the gametocyst In those species 
of Monocystis where reproduction takes place in coclomic fluid, the spores are found in the posterior region of the body. 

The sporozoites can develop further only if the spore containing them are transferred to new host which b no doubt an 
earthworm. 


MODE OF TRANSFERENCE 


mdoptumk 

reticulum 


It b not definitely known as to how the spores of Monocystis are transmitted from one host to other. However, their 
transmission b believed to Uke place by any of the following methods: 

1. By the death of host. When the host dies and decays, the spores are scattered 
in the soil. When such soil b eaten by another worm, they reach its 
alimentary canal. 

2. During copulation. Some zoologbts are of the opinion that the spores are 
usually transferred from one host to another during copulation, when 
spermatozoa and seminal fluid of one worm are passed into the sperms theca 
of another, but spores are never seen in cocoons. 

3. By birds. Pfiffer found spores in the gut contents of various birds. In such 
cases sporocysts are passed outside with the excreta of birds into the sod. 

If such a soil b swallowed up by other worms they start their life cyde 
again. 

4. Autotomization. In certain species of Monocystis which reproduce in 
codomie fluid their spores are found in the posterior segments of the host 
body, when the posterior body b autotomized and the spores are liberated 
in the soil. When such soil b swallowed up by other earthworm, the 
sporozoites start their lifc-cyde again. 

When the spores enter the.alimentary canal or new host, the sporocyst 
breaks or dissolved by the action of digestive enzymes of earthworm. The 
sporozoites become free into the lumen of alimentary canal. The sporozoite are 

cnindlr-shaoed oranbms. Each contains a nodeus. one or two mitochondria, __nr 

conoid and micronemes of unknown function are present 

JttS3SSSS=eKSSSS5=^ 

trophozoite, and the life cyde begins agam. 



«ot*i 


pdtkle 


FI*. 


Memccynit. A spotoxol* wetm nndtr 
electro* micro- 


Monocystis 


73 


Effect of Paras HU m 


1. On the Earthworm. Monocystis seems to cause no appreciable harm to 
the host No doubt it feeds on the spermatozoa, but this does not affect 
the fertility of the host because the earthworm produced a large number 
of sperms. The worm is able to combat the parasites by forming a 
resistant envelope around the tropbozites and by killing the cysts through 
phagocytosis. 

2. On the Parasite. Due to planty of food and almost no competition inside 
the seminal vesicles of earthworm, the trophozoite of Monocystis under¬ 
goes an extreme simplification of structure. The locomotory organelles, 
food vacuoles, contractile vacuoles, oral apparatus etc. are absent. 




Conclusions from the life-history of Monocystis. . 

Flf.SJ Ubcntlo»©rj|wrM»uoAi«*lBkiickt«gof»poroiotie» 

From the structure and life-history following conclusions can be i. UMdMoTkoauadC..poroeyn 

derived: 


1. The organism is monogenctic i.e. the life-cycle is completed in one host. 

2. Reproduction is only by conjugation or syngamy. The gametes produced are either isogamous or anisogamous, but the 
pairing gametes are derived from different gametocytes hence the gametes are exogamous. 

3. No alternation of generation as there is no alternation of asexual and sexual phases. 

4. Neither the trophozoite nor the sporozoite is free-living. 

5. As the sporozoites are subjected to pass through adverse condition outside the body of host, hence, are protected by sporocyst. 

6. Due to parasitic mode of life, the locomotory organelles, food vacuoles, contractile vacuoles, etc. are absent. 

7. Respiration and exaction by simple diffusion. 
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PLASMODIUM 
(MALARIAL PARASITE) 


Plasmodium is a member of cla&s-Telasporea of phylum Protozoa. It is a parasite and cause malaria fever in man and other 
animals. Malaria (Gr. mal bad; aria - air) meaning bad air. was so named as it was previously thought that damp night-air of 
marshes and swamps caused this disease. Malarial parasite was first discovered by Charts Laveran (1880), who was, a doctor 
in the French Army stationed Algiers. He observed Plasmodium in the blood of a malaria - patient. King (1883) reported that 
Plasmodium were transmitted by mosquitoes. The observation of Laveran were confirmed by Golgi (1885) and Callie (1885). 
Patric Manson suggested that the malarial parasite enters the blood of man after the bite of mosquito. He placed bis suggestion 
before Sir Ronald Ross in 1894. In 1895 Ross undertook this problem and after continuous labour of two year in 1897 proved 
that Plasmodium are sucked up by female Anopheles mosquito and are later on injected into the human blood. Grassi described 
the life cycle of Plasmodium in the stomach of Anopheles female. Granham, Bird and Baker (1960) studied ultra structure of the 
sporozoites occur in birds. Granham el. aL (1961.1963) studied ultra structure of sporozoites occur in human. 

There are about 60 species of Plasmodium which cause malaria in man and other animals. 


SYSTEMATIC POSITION 


Phylum 

Sub-phylum 

Class 

Sub-class 

Genus 


Protozoa 

Sporo/oa 

Telosporca 

Coccidia 

Plasmodium 


Four species of Plasmodium are known to cause different types of malaria in man. These are Plasmodium vivix, P. malariae, 
P. falciparum, and P. berghei found in rats P. rats and P. gallinaceum in chickens. 

HABITS AND HABITAT 

Plasmodium is an intracellular parasite in red blood corpuscles of man. It is most widely distributed in both temperateand 
tropical regions. It has two hosts: (a) man or any other vertebrate (reptiles, birds and mammals) which are called 
or definitive hosts and (b) female A nopheles mosquitoes or other blood sucking insects which arc secondary hosts or in e 
hosts. The life history is completed in the above two hosts: asexual in man and sexual in female A nopheles. The comm p* 
of Anopheles which cause malaria in India are A. Stephens,. A. maculatus. A. Puvialitis and A. culcifancis. 

MORPHOLOGY 

Structure. The adult parasite is called as Trophozoite that lives in red blood corpuscles of mam It is • r 

with granules and vacuoles in the cytoplasm. Tbe granules are chiefly of haemozoin pigments. The trophozoite feeds upon 

substance of R.B.C. 

lti ultrastructurc has b«n sfcdiad by CranHan, (1966) aod Ruton*. (1969).« 
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cristae are peripheral while Ibe central region is structureless. 
Golgi complex is composed of small vesicles arranged in rows. 
Double-membrane concentric structures in the trophozoites are 
believed to work as mitochondria. One or two double 
membrane vacuoles with structureless matrix are present their 
function is unknown. The nuclear membrane is double to which 
are attached ribosomes. An endosomes or nucleolus lies ec- 
centrally in the nucleus. Pinocytic vacuoles are common in 
cytoplasm. 

The trophozoite feeds upon the haemoglobin of R.B.C. 
Digestion is intracellular. The residual product called 
baemozoin is scattered throughout the cytoplasm. Liquid food 
is taken by the process called pinocytosis. 

LIFE-CYCLE 


The life-cycle of Plasmodium vivex is digeneiic as its lifc-cydc is completed in two hosts-man and the Anopheles mosquito. 
The life-cycle is not started by the trophozoite but by the sporozoite (Marshall and Williams, 1972). The life-cycle may be 
subdivided into three phases; a phase of growth and asexual multiplication occuring in man and called scliizoeonv, sexual phase 
or gamogony which starts in man and completed in mosquito; 
and an asexual multiplication phase in mosquito called 
sporogony. Previously it was thought that there were only two 
phases in the life-cycle. 


1. Schizogony 

When a female Anopheles bites a man to suck the blood, 
then along with saliva it inject the sporzoites of Plasmodium 
into the human blood. Each sporozoite measures 6-lSp in 
length. These are sickle-shaped single-nucleated sporozoite. 
Granham et. ai (1961, 1963) studied sporozoite under 
electron microscope. According to them the pellicle is outer 
membrane made up of three layers and an intermediate zone 
is distinguishable. It is continuous over the whole organism 
except anteriorly and at the base of the micropyle. At the 
anterior end lies a cup-shaped structure with three concentric 
rings. The contractile fibres are present 

In about half an hour after their incubation, the 
sporozoites leave the blood and they enter the parenchymal 
calls of liver where they undergo at least two schizogonic 
cycles. 
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Pre-erythrocytic cycle. Sporozoites rapidly grow in size w (&) 

in liver cells by absorbing nourishment Here they be¬ 
come spherical and are called schizonts. They measure 
10-40p in diameter. The nucleus of sporozoite divides 
into several nuclei. Now the schizont is called cryptozoite. Each nucleus is surrounded by a bit of cytoplasm and called 
cryptomerzoite. Their number is about 80-1000. Cryptomerozoite measures 1.2 in diameter. Due to pressure of cryp- 
tomerozoites the body of cryptozoite. as well as. the host liver cell bursts liberating the cryptomerozoites into liver sinusoids. 


Fig. 9.2 


U m.o B-£ 0 */, ,«*>/,,cycle 


(b) Exo-erythrocytic cycle. The cryptomerozoites of pre-erythrocytic cyde, which again invade fresh liver cells, grow into 
adult-like forms, called metacryptozoites or phanerozoites. The metacryptozoites are of two types micrometacryptozoites 
and macromeiacryptozoites. Each micrometacryptozoite undergoes schizogony to produce about 100-*000 minute 
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nomach of 
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micrometacryptomerozoites. These are liberated in blood _ 

stream by the rupture of mclacryptozoite. Each macro- tali very (land 

mclacryptozoite also undergoes schizogony so as to produce 'fcj^£)^-rf4,ofmoaquiio 
64 macrometacryptomerozoites. which arc liberated in blood * lca,on * 

and invade fresh liver cells to continue exoerythrocytic cyde. ” k [ 

Thus, the liver cells provide a sort of reservoir for relapse of rpjroiojig \ y l / j 

fever. On the exoerythrocytic cycle there is no efTect of > 

various drugs as the parasite is intracellular. Hosts are acquire oocyu | 

immunity to the infection. The period of biting of mosquito eg l 

in man and entry of merozoites in blood is called pre-patent 1 

period. It takes about 10 days. nomach o 

Erythrocytic Schizogony. After their release from liver cells 
the merozoites penetrate into the red blood corpuscles. Their 
elongated shape is lost. Inside the corpuslc. the parasite assumes 
a rounded form and start growing at the expense of R.B.C. During oocya 
the growth period it is called the trophozoite. Soon a vacuole is 

formed in the cytoplasm of the trophozoite which pushes the H»r®*or., 

nucleus to one side. This gives the trophozoite an appearance of a 
signet-ring hence this stage is called signet-ring stage. This V 
trophozoite is 1/3 to 1/2 the size of R.B.C. With the further growth. Tv 

the vacuole disappears and the trophozoite now assumes amoeboid Y 

shape. Now it is called amoeboid stage. The haemoglobin of the _ P 

R.B.C. is not digested and gels decomposed into a yellowish- IP 

brown or black pigment, the melanin or haemozoin which lies «poroNanj ;>£? 

scattered in the cytoplasm. In about 36 hours the trophozoite oocyai 

becomes mature. It again becomes rounded and is ready for } Scxulcydt la 

multiple fission and now called as scliizont Yellowish or orangc- 

colourcd dots appear in the cytoplasm of the infected erythrocyte, these dots are called 
Schuffner ‘s dots. 

The nucleus of schizonl divides repeatedly, forming 12-24 nuclei. Each daughter - 
nucleus is surrounded by a bit of cytoplasm to form merozoite or Schaozoite. They are 
shorter and thicker then sporozoites and oval in shape. A small portion of the cytopUsm 
of schizonl is not utilized in the formation of merozoites. This residual cytoplasm contains 
melanin and waste products or toxins. The merozoites arrange them selva round the J 
cytoplasm like the petals of a flower hence this stage is called rosette stage. The inlcctcd / 
corpuscles by this (after 48 hours from the entrance) time becomes very weak and easily 4 
burst liberating merozoites in the blood stream. These invade fresh corpuscles to repeat 
the erythrocytic cycle. The ghost, left behind after merozoite s escape. arc destroyed in the > 
spleen. Some merozoites arc always destroyed by W.B.C. 

With the rupturing of the R-B.Cs.. the patient suffers an attack of malaria. The fever 
has been attributed to the release of >xins from the merozoites. The ^erval bcrtVMn ^ 
inoculation of sporozoites into human blood and first attack of fever is called incubation 

period. 

Fig. 9.4 
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diffused nucleus. The female gametocyte is larger and contains a small and eccentric nucleus. The cytoplasm contains fewer 
granules. The gametocytes do not divide, but remain as intracellular parasites within their host R-B.Cs., until they either die or 
are ingested by the victor, in which they continue their development 


Sexual cycle In Mosquito 

When the female Anopheles mosquito sucks the blood of malarial patient the gametocytes and also the merozoitcs reachin 
its stomach along with the blood. Except gametocytes all other are digested. The gametocytes now come out of R-B.Cs. The 
rakrogametocy tes become active. The nucleus of each divides into 6 to 8 haploid nuclei move to the surface of micxogamctocytc. 
The cytoplasm of microgametocyte segregates around these nuclei. Suddenly, each cytoplasmic mass, together with its nucleus, 
shoots out from the surface in the form of whip-like microgamete or sperm each measuring 20-25n length. The process is called 
exflagellation. 

Macrogametocy te undergoes invisible changes till some of its nudear material and cytoplasm is expelled out in the form of 
a polar body, or in other words it undergoes a maturation division, the resulting large body is a female or macrogameie or ovum. 

Fertilization. Microgametes make active lashing movements and approach macrogametes. One of the microgametes reaches 
the protoplasmic projection called cone of reception of macrogamete. The nudei of raicrogamete and macrogamete fuse, resulting 
in the formation of zygote or synkaryon with a diploid nucleus. 

The zygote remains inactive for sometimes but later on it becomes elongated or worm-like or vermiform and motile. It 
performs gliding movement and is known as ookinete. It measures 15-22|i in length and 3p in width. 

The ultrastnicturc of ookinete is given by Cranham et. al. (1962). It is endosed in two layered envelope made up of an outer 
folded and inner smooth layer. Hie micropyle is absent. The nucleus is granular with an endosome. At anterior end. inner layer 
is more dense and is splitted so as to appear like a mouth. It moves into the stomach of mosquito, there it pass on into the epithelium 
and finally reaches in-between the epithelial and subepithelial tissues. Ookinete becomes endosed in a cyst called oocyst. The 
oocyst is thin, membranous and elastic. It is partly secreted by the ookinet and partly derived from the mid-gut of the host It 
grows in size absorbing nourishment from the insect through previous cyst-wall. The oocysts look as rounded projections on the 
surface of the stomach. A single infected mosquito may contain 500-5000 such oocysts. 


3. Sporogony 

The cytoplasm of the oocyst devdops a number 
ofvacuolea and its nudeus divides repeatedly to form 
a very large number of daughter nuclei. The first 
division is always a meiotic division and subsequent 
divisions are mitotic (Bano, 1959). Thus the nuclei 
produced are haploid. Each daughter nucleus gets 
surrounded* by a mass of cytoplasm. The resulting 
cells are called the sporozoites. Each oocyst contains 
about 10,000 sporozoites. Each sporozoite has taper¬ 
ing ends and a broad middle part containing a single 
nudeus. The full-grown sporozoite break off from the 
residual cytoplasm of the oocyst. When the oocysts 
nipture, the sporzoites are liberated in the baemocoe! 
of mosquito. Being motile, the sporozoites move to 
different organs in the body of mosquito but the 
majority migrate into the salivary glands and wait for 
their transmission into the blood of man while the 
mosquito bites. It has been estimated that the salivary 
Rlanda of a single infected mosquito may contain 
about 200,000 sporozoites. One bite of such a 
mosquito may inject upto 1000 sporozoites in man. Cydes in mosquito lasts for 2-4 months. 
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KINDS OF HUMAN MALARIA 

The malaria fever is of three type. The names of these three are according to the period of recurrence of the fever. Moreover, 
these three types of fever are caused by different species of Plasmodium. The fever are: 

1. Tertian Fever. THe fever comes on every third day. It is cause by the presence of P. vivex, P. falciparum and P. ovale It is 
of two types. 

(i) Benign tertian. It is due the presence of />. vivex and P. ovale. Hie temperature of patient may rise up KrfT but .Iso 
comes down soon. It is not a fatal one. 

capillaries due to which the proper blood supply is stopped to different organs of the patient It is fatal. 

2. Quartan Fever. The few, come, on ever, «h dey in Ak. II b -used by Ac P--ence of P. nvlaru,'. I. to no, f.Ul. 

3 Mixed Fever. A pelien. -n suffer both mild lerti.n end melignen, lertUn .1 A. -me lime. Simile,ly. lert.n end qu.rten 
can combine to cause mixed fever. In such conditions, the fever comes on every day. 

A comperative account of four species of 

human infecting Plasmodium __ 
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P „ „UIhc.cm., .tuckof nuuna which oco«.f««. few ini.i.1 oym^iccycle.The period of puoxyn, 
from person to person. Il includes: 

(.) Rigor swg'. n... p«Uent feels . temble chill .od shivering. cpid pube .nd brewing. 


varies 


(b) Febrile stage. Shivering subside in about one hour or so 


and the body temperature rises to 104°F to 105°F. 


(c) Defervescen, sroge. After . few hours, p.ofuse swetiog suns, temper.- of body suadi.y drops .ud Ore p.Uer, fee., 
healthy again. 

Control of Malaria. 

The measures for control of malaria may be divided into three categories. 


I. Destruction of the victor or Anopheles mosquitoes. 

II. Presentation of infection or Prophylaxis. 

III. Treatment of disease 

L Destruction of the victor 

This is being done in following ways: 


(1) Destruction of adult mosquitoes. 

(i) By spraying D.D.T.; Hit, melathion or any other insecticide in the bouses. 

(ii) By fumigating pyrclhrum. cresol and other compounds of neptha. 

(lii) By killing Ihcm .Her Imping Ihcm in sm>H boxes nude of wire g.uK .nd inlenu.ly lined by bl.ck p.per. 
(iv) By sterlizalion of mosquitoes in now being achieved in Japan. 

(2) Destruction of larvae and pupae. The l.rv,e .nd pup.e live in sugn.nl w.ler. They cn be deslroycd. 

(i) ‘ Dirty water should not be allowed to collect at a place. 

(ii) In large bodies of water, kcrosine oil, paraffin oil etc. should be spread on the surface. 

(iii) By introducing insectivorous predators like ducks, fishes ( Gambusia) and some plants like Utricularia. 


II Prevention of Infection. 

(1) The houses should be made mosquitoes free by building human dwellings on high grounds, keeping houses dean ventilated, 
and covering doors and windows with meshes and screens. 

(2) Sleep in mosquito-net. 

(3) Mosquito repellent creim should be applied on the exposed parts of the body before going to sleep. 

(4) Anti-malarial drugs should be taken regularly to escape the attack of malaria. These drugs arc quinine, paludrine, deraprin 
etc. 

m Treatment of Malaria. 

Qunine, Atabrine, Camoquin, Chlorquine, Paludrine, Resochin, Peniaquine etc are the medicician to check to malarial 
fever. Daraprim is the most effective drug. Its single dose of 25 mg. causes the schizonts of P. vivex and P. falciparum to 
disappear. 
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EIMERIA 

Eimena is a parasite like Monocyslis. Elmeria schubergi was discovered by German biologist FrtuSchaudm in 1900. He 
called this parasite as Cocidium schubergi and worked out its life cycle. 

SYSTEMATIC POSITION 


Phylum 


Protozoa 

Sub-phylum 


Sporozoa 

Class 


Telosporea 

Sub-class 


Cocod ia 

Family 


Eimeriidae 

Genus 

. 

E inter ia 

Species 

- 

schubergi. 


Habits and habitat 

E. schubergi is an cy.o7.oic or intracellular parasite in .he cpi.belial cells of alin.em.ry canal ol centipede ' LilhMus 
forficalus. For some lime it lives in Ibe lumen of alimentary canal as a coeloicc para sue. The grea.er par. of ibc l.fe-cyde 
£. schubergi is spent in the host and a part in open. 

Morphology 

A full grown trophozoite is somewhat spherical body with a single nucleus. The nucleus cooUto a .togle e ndosome in its 
centre. Duc^o parasite mode of life, the locomoty organelles, mouth, gullet, contractile vacuoles etc abs 

Physiology 
a quiescent life 

before leaving them. 

Respiration and excretion. Both take place by the diffusion. « 

LIFE CYCLE 

£ . scl u,bergi is a digene.ic and shows an alternation o, genera,ion The lifc-cycle may be divided into three phases, 


1. Schizogony 

2. Gamogony 

3. Sporogony 
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Euneria 

1. Schizogony 

The parasite enters the host in the form of oocyst When swallowed the oocyst hatches in the small intetine of host (probably 
under the influence of mechanical pressure and enzymes). From each oocyst eight motile sporozoites arc r ^ Jscd tac 
sporozoite has a tiny sickle-shaped body tapering at both the ends. A nucleus is present in the broad middle part. They measure 
15-20 by 4-6\l The spotozoite move apart by gliding, bending and constriction movements till they reach the surface of the 
epithelium of gut. Each sporozoite penetrates into an epithelial cell of the alimentary canal of the host When it enters in a cell, 
it becomes retracted to an ovoid mass of cytoplasm, which measures 16p in lingth and about in width. This stage is known 
as trophozoite. The ovoid body of trophozoite grows quickly, increase in length and thickness. In about 24 hours, the trophozoite 
becomes full-grown, then it is termed as schizont. It is spherical and has a diameter of about 20p. There is no reserve material 
in cytoplasm. There is a large vesicular nucleus with a karyosome. Multiple fission occurs in schizont. In this process, its nucleus 
devided repeatedly to form 30-40 nuclei, which migrate to the periphery, each passes into a finger-like projection arising from 
the surface of schizont The small uninudealed parasite thus formed is called merozoite or schizozoite The portion of cytoplasm 
in the centre of schizont is termed residual cytoplasm. Merozoites remain attached in a radiating manner. Each merozoite 
measures about 15u in breadth. By this time the host cell becomes very week because its contents have been used up by the 
parasite. The merozoites break from residual cytoplasm of schizont and finally escape into the lumen of gut by the rupture of 
host cell. The merozoites resemble sporozoites in form, structure and movement but differ from them in being slightly shorter 
and in having a karysome in the nucleus. The cytoplasm is differentiated into an anterior vacuolated and a posterior denser area 
instead of being more uniformly vacuolated. The merozoites penetrate fresh epithelial cells, grow into trophozoite and repeat 
schizogony. The process of multiplication is repeated several times till many parasites are formed. Parasites face difficulty in 
procuring proper nourishment. Asexual multiplication remains in progress for about 5 days during which 4-5 generations of 
merozoites are produced and then sexual phase is starts. 

2. Gamogony 

For sexual phase, some of the merozoites instead of growing into schozonts develop into two distinct forms known as male 
or microgametocytes and female or macrogametocytes. The male gametocyles are spherical and have clear cytoplasm whUe the 
female gametocytcs are bean-shaped and have their cytoplasm crowded with reserve food material. Male gametocyte divide to 
form numerous narrow, biflagellate microgametes. Each measures 6-lp. in length and about lu in width. The flagella are as long 
or longer than the body. It consists almost entirely of nudeus, the cytoplasm being represented by the flagella alone. One of 
flagellum is flee, while the other runs the hind end. 

The macrogametes produces a single macrogamete. Its karyosome break up into a number of small pieces, which pass from 
the nudeus into the cytoplasm and Gnally leave the gametocyte altogether. With this the macrogametocytc changes into female 
gamete or macrogamete or hologamete. Now the bologamete frees itself from the epithdial cell and devdops a small projection, 
the cone of reception, on one side. The nudeus also moves towards the cone. This makes the macrogamete ready for fertilization. 

The male gamete, also liberated in the lumen of guL Some male gametes are attracted towards the female gamete only after 
maturation division. One of the microgamete enters the female gamete through the cone of reception. The flagdla of microgamelc 
are shed and left out Soon a prominent spindle appears in the macrogamete and the chromatin of its nudeus are spread over the 
spindle. The chromatin of microgamete lies for some time at one pole of the spindle, but later on also spreads over the spindle 
and gets thoroughly mixed up with that of the macrogamete. This is called syngamy or karyogamy, converting gametes into a 
zygote. 

The zygote soon gets endosed in a thin, transparent membrane. Later on this membrane becomes thick and tough to serve 
u a protective eavdope, the oocyst. As a rule the oocyst docs not devdop further in the lumen of gut and the young oocyst passes 
to the exterior with the faeces. The oocyst are very resistant and can survive highly adverse conditions. 


The size of oocyst does not increase. Its nudeus divides twice to produce four nudei. The fust division is meiosis. The 
cytoplasm divides into four portions or sporoblasts. A portion of cytoplasm of zygote is left unused as the residual body, here 
termed the cystal residium. Each sporoblast secctes, round itself, a cyst called sporocysL Within each sporocyst, the sporoblast 
continue its devdopment It divides and produces two tiny parasites, the sporozoites and a large residual body is left which is 
tawed pvt of food material. The unused cytoplasm is termed spcral residium. Thus each oocyst contains four sporoblasts and 
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each sporoblast, two-sporozoites. The oocyst here called teirasporous and the sporocyst as dizoic. The development of oocyst 
upto the formation of sporzoites lakes two to three days and it is in open i.e. out side the body of host At this stage it is ready 
for ingestion by new host When it reaches the new 
host the valve of sporozoite is niptured and eight 
sporozoites are liberated in gut. The sporozoites 
attack the epithelial cells of gut and start 
schizogony. 

Alternation of Generation 

The life cyde of Eimeria shows alternation of 
generations. The schizogony and sporogony con¬ 
stitute the asexual generations as in these reproduc¬ 
tion occurs by asexual method of multiple fission. 

The gamogony represent the sexual generation as 
it involves the formation of male and female 
gametes and their fusion results in the formation of 
zygote. Schizogony is repeated several times but it 
does not continue indefinitely. The sexual genera¬ 
tion is followed by asexual generation. The 
phenomenon in which the sexual and asexual 
generation are followed by each other regularly b 
called alternation of generations. 

Effects on host 

Eimeria causes an extensive damage to the 
epithelial cells of the intestine and attached cells. 

However, these damage is ephemeral as the 
epithdial calls are soon regenerated. Some species 
of Eimeria are very harmful to the host and they 
render an economic loss to the man. These species 
are £. lenella of chick. E. stiedae, E. magna, E. 
sciurorum, E. perforans of rabbits; E. debliecki of 
pigs and E. bovis of cattles. 

A disease b called coccidiosis, in which the Fi* 10.1 Li/c<ydc oiEimeria,<k*Urfi 

« - of —* “■ bloo<,y ‘ ,001 ' w “ ta, “ 

and sometimes fever. It often proves fatal. 
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Paramecium is the widely studied type of the dass-Ciliata. The members of Class Ciliata are much more developed then 
the other protozoans. Inspite of their being acellular, special organelles are found in them for ingestion, excretion etc. Thus 
division of labour is clearly seen in ciliatcs. 

SYSTEMATIC POSITION 


Phylum 

• 

Protozoa 

Subphylum 

• 

Ciliopbora 

Class 

• 

Ciliata 

Subclass 

• 

Holotrichia 

Order 

• 

Hymenostomatida 

Family 

• 

Paramecidae 

Genus 

- 

Paramecium 


HABITS AND HABITAT 

Paramecium is cosmopolitan in distribution. It is found in fresh water lakes, ponds, puddles, sewage pipes and rice fields. 
It is abundent in stagnant water containing decaying organic matter. It is omnivores in diet and reproduces in a variety of ways, 
which arc asexual and sexual both. 

There are 10 species of Paramecium. They differ in shape, size, number of micronudci etc. The common species are 
Paramecium caudatum P. aurelia, P. bursaria and P. multimicronudeatum 

CULTURE 

For general laboratory purpose, P. caudatum will grow satisfactorily on a boiled-bay infusion medium to which wheat or 
rice grains have been added. It has also been maintained on several complex sterile media and simplest of which the yeast juice. 
Paramecia are easily grown in chalky medium (Nad-80mg., NaHC03 - 4mg, CaCl2 - 4 mg. KC1 - 4 mg and CaHa (PO4) H2O 
1.6 mg. all are dissolved in one litre of distilled water). Add 6-8 drops of skimmed milk weekly. The jar is kept away from 
direct light ' 

Other less uniform but very satisfactor method of growing paramecia include a monofloral suspension of bacterium. 
Pseudomonas ovalis, and a suspension of pure, living year! 

MOROPHOLOGY 

External Feature 

Shape and Size. The first description of Paramecium was given by Christian Huygens (1678). The term Paramecium was 
coined for the first time by John Hill (1752) from the Greek woriporamekos meaning oblong. Paramecium, ingeneral appearance 
appear* like the sole of the slipper, hence it is popularly known as '’Slipper - animalcule One species was named P. caudatum 
(JoMot) because of its resemblance to an imprint of human foot 
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They vary in size. The largest species P. caudaium measures 
180-300 p in length; P. aurclia is 170-250 p, and P. trichium measures 
only 62 n in length. pdlktc—-. 

Colour. Some species are somewhat translucent ana colourless. __ 

others are vary from light gray, white to pale yellow. P. burseria is **■ 
green because of the presence of Zooclilorellae in the endoplasm. 

Structure. The shape of the body is define! because the body of c^Jaile 
ciliates is typically covered by a complex, living pellicle, usually 
containing a number of different organelles. Under light microscope 
the pellicle appears homogenous. Under electron-microscope the pel¬ 
licle has inflated kidney - shaped alveoli The inflated condition and foodv»cw 
the shape of alveoli produce a polygonal space about the one or two 
cilia that arise between them. Alternating the alveoli are bottle shaped 
organelles, the trichocysts. which form a second, deeper compact layer m*cronucl 

of the pellicular system. Ehert and Powers (1959) showed that pellicle 
is made up of three membranes, the outer most being the plasma po««x>r 
membrane which covers the whole organism including the cilia. ^ 
Beneath it, in most place, there are two further membranes, the outer 
and inner membranes the outer and inner membranes bounding a 
flattened alveolus would thus form a middle and inner membrane of radidaiv 
the pellicle. 

The alveoli contribute to the stability of the pellicle and perhaps |g| 

limit the permeability of the cell-surface ( Pitelka. 1970). 

Ciliature. The entire surface of Paramecium is covered by in¬ 
numerable fine structures called cilia. They are arranged on the body 
in parallel rows. On the body proper the cilia are of the moderate and 
fairly uniform length, but at the extreme posterior end they become 
longer forming the caudal tuft. The cilia found in oral apparatus show U | 
a wide range of variation in length. Each cilium measure 10-16u in 
length and 0.1-.2u in width. The number of cilia varies from 350 (P. trichrium) to I 
. 14,000. According to Gelei (1925) the number of o,*™,, of mcho«y.u 

cilia is 18000 in P. nephridiatum. 

As already stated that the cilium comes out &om 
the centre of alvcoi of the pellicle. In P. aurelia and 
P. bursa ria two cilia arise from each area. 

Cilia have the same structure as flagella. It con- 
sists of an axial filament, the axoneme. embedded in >. ,, / //W 

an elastic protoplasmic sheath, which is continuous jfy 

with the outer membrane of the pellicle. The axial : ' 1 ( 


caudaium their number is 10,000 
dli! cjfwmaliMy 
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sheath like spokes of a wheel. The peripheral fibres continued below into 
the basal body or Kinetosome. 

Internal Features 

Cytoplasm. The cytoplasm is differentiated into an outer ectoplasm 
and inner endoplasm. 

1. Ectoplasm. It b dear and dense part of the cytoplasm which forms 

its outer layer below the pellide. In the ectoplasm occurs following 

three important structures. 

(i) Trichocysts. Trichocysts are peculiar, rod like or oval organelles 
characteristic of many ciliates. They are oriented at right angles to the 
body surface being located at the centre of the anterior and posterior 
walls of the pellicular polygons. The trichocysts are small in size only 
4p in length. They lie a little (1 - 2*») below the pellide to which each b 
attached by a very delicate fibre. 

An undischarged trichocyst b a sac containing a swelling substance 
(the qudkorper) and dosed by a cap. Just within the cap b a conical 
spike resting on a basis. The discharged trichocyst consists of a long, 
striated, thread-like shaft surmounted by a barb. The shaft b not evident 
in tfae undischarged trichocysts and b probably polymerized in the 
process of discharge. The trichocysts are db- 
charged on mechanical, chemical or dec trie 
stimuli. They are discharged very rapidly 
(within several milliseconds). 

The trichocysts are non-toxic type in 
Paramecium thus they are not defensive or¬ 
gandie. Probably they may be used in anchor¬ 
ing the animal wjren feeding. 

Area in the neighbouring of the nudeus 
ia believed to the centre of origin of 
trichocysts. Recently, it has been established 
that trichocysts are produced by the 
kinetosomes. A kinetosome first ejects a trichocysts granule 
or tricystosome which forms a budding that develops into a 
trichocyst 


(ii) Infra<Uiary system. As mentioned earlier, each 
cilium arises from a basal body or kinetosome, located in the 
alveolar layer. The kinetosomes that form a particular lon¬ 
gitudinal row arc connected by means of fine, striated fibrils, 
called kinetodesma. The kinetosomes plus the fibrils of that 
row make up a kinety. The longitudinal bundle of fibrds run 
to the right side of the row of kinetosomes, and each 
kinetosome gives rise to one kinetodesoms (fibril), which joins 
tfae longitudinal bundle and extends anteriorly. A single 
k fa i etodes m oc b tapered and extends for varying distance, as 
a part of bundle. At the kinetosome, the kmetodesmos b 
connected to certain of the kinetosome triplets. 
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A kincry system is characteristic of all ciliates although there are 
variations in details of the pattern. The kineties with their cilia constitute 
the neurolocomotor organelle. The kineties control and coordinate the 
beating of cilia. 

(iii) The fibrillar system or Neuromotor apparatus. The Gbrillar 
system is visible with the help of nuclear stains. According tolund(1933) 
on the left dorsal wall of the cytopbarynx at about the level of posterior 
margin of the cytostome is a very small, bilobed mass called 
neuromotorium. From neuromotorium, Fibrils radiate into the endoplasm. 
Of these four or more usually pass almost to the dorsal body wall but rest 
are shorter and not definite in position. Their function is uncertain and 
apparently function as part of the cilium anchorage system. 

But the electron microscopic studies reveral only the presence of the 
alveoli, kinetosomes and kinetodesmata and there is no evidence regard¬ 
ing the existence of this system. 



Fig. 11.6 Trukc*ysL A-^atiie, B—Bp of diverged TrichocyU, 
C—THckocyWa discharged «fier Malalag with lak. 
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2 . Endoplasm 

The endoplasm of Paramecium is semi-fluid and less 
granular. It contains following structures. 

(i) Nucleus. Paramecium is hereokaryotic having two types 
of nuclei. The smaller one or the micronucleus is lodged 
in a depression at one side of the larger nucleus called 
meganucleus or macronucleus. The meganudeus is bean 
or kidney shaped body lying approximately in the centre. 
It is a compact structure, containing fine threads and tightly 
packed discrete chromatic granules of variable size. The 
meganucleus controls the vegetative activities of the 
animal. 

The micronuclei vary in number in different species. These 
are smaller structure and may be compact (P. cauda turn) 
or vesicular (P. aurelia). P. coda turn and P. bursa ria each 
has one micronudcus. P. aurelia has two and P. multi- 
micronucleatum has 3-9 micronuclei. The micronudei are 
concerned with reproduction. 

(ii) Contractile Vacuoles. In Paramecium there are two con¬ 
tractile vacuoles occupying somewhat fixed positions in 
the endoplasm. One vacuole is located at both the posterior 
and anterior end of the body. (In P. multimicronucleatum 
there are 2-7 contractile vacuoles). The anterior vacuole is 
sometimes called the nuclear vacuole being near the 
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apparent that the systole of ampulla becomes the diastole of the vacuole. In P. 
trichium the contractile vacuole is without radial canals. The contractile vacuole 
opens outside through discharge canal Bundles of fibres surround the ampullae 
and the main vacuoles, and edheemed in the production or control of the pressure 
required to control the vacuole. 

The contractile vacuoles pulsate at different rates depending on their position. The 
posterior vacuole pulsates faster than the anterior vacuole because of large amount of 
water being delivered into the posterior region by the cytopbarynx. 

(iii) Food vacuoles. These are roughly spherical, non contractile bodies varying in size 
and number lying in the endoplasm. TVy contain ingested food materials, mainly 
bacteria and a small amount of water. Volkovsky (1934) proposed the name 
gasirioles for these vacuoles. _ 

Oral groove and associated structures. The oral groove is located on the ventral 
surface extending back wards into a funnel shaped depression known as vestibule 
consisting of inveginated body pellicle. The vestibule leads into buccal cavity which 
directly leads into the cytastome or mouth which b fixed oral opening. The cytastome 
directly opens into the wide cytopharynx or pharynx which extends toward the centre 
of body. The cytopharynx forms a food vacuole at the posterior end. 

Large and hard cilia are present in these structures. These are specialized cilia and 
form four organelles which help in food ingestion. 

(a) Endoral membrane. It b formed by the fusion of one row of cilia. It runs transver¬ 
sely along the right wall and partly encirciles the opening of vestibule into 
cytostome. 

(b) Dorsal peniculus. Thb b formed by four rows of densly arranged cilia which are 
placed in a spiral manner on the left side 
of buccal cavity. They end behind the 
cytostome. 

(c) Ventral peniculus. It b also formed by 
four rows of cilia. It extends backwards 
to a distance on the left side of buccal 
cavity and ends near the cytostome. 
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(d) Quadrulus. It is also formed of four rows 
of cilia which arc less densly arranged. 

They are placed in a spiral manner along 
the dorsal wall of the buccal cavity. It 
ends near the dorsal peniculus. 

The quadrulus and pcniculi control food 
passage while endoral membrane guards the 
entrance of buccal cavity. A group of long 
.cilia, pan buccal cilia behind the lateral wall of cytopharynx. 



Fig. 11.9 
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Locomotion. The locomotion in Paramecium takes place by two methods: 
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A kinety system is characteristic of all cUiates although there are 
variations in details of the pattern. The kinetics with their cilia constitute 
the neurolocomotor organelle. The kineties control and coordinate the 
beating of cilia. 

(iii) The fibrillar system or Neuromotor apparatus. The fibrillar 
system is visible with the help of nuclear stains. According to Lund{ 1933) 
on the left dorsal wall of the cytopharynx at about the level of posterior 
margin of the cytostome is a very small, bilobed mass called 
neuromotorium. From neuromotorium, fibrils radiate into the endoplasm. 
Of these four or more usually pss almost to the dorsal body wall but rest 
arc shorter and not definite in position. Their function is uncertain and 
apparently function as part of the cilium anchorage system. 

But the electron microscopic studies reveral only the presence of the 
alveoli, kinetosomes and kinetodesmata and there is no evidence regard¬ 
ing the existence of this system. 
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2. Endoplasm 

The endoplasm of Paramecium is semi-fluid and less 
granular. It contains following structures. 

(i) Nucleus. Paramecium is hereokaryotic having two types 
of nuclei. The smaller one or the micronucleus is lodged 
in a depression at one side of the larger nucleus called 
meganucleus or macronucleus. The meganudeus is bean 
or kidney shaped body lying approximately in the centre. 

It is a compact structure, containing fine threads and tightly 
packed discrete chromatic granules of variable size. The 
meganudeus controls the vegetative activities of the 
animal. 

The micronuclei vary in number in different species. These 
are smaller structure and may be compel ( P. caudatum) 
or vesicular (P. aurelia). P. cadatum and P. bursaria each 
has one micronudeus. P. aurelia has two and P. multi- 
micronucleatum has 3-9 micronuclei. The miexonudei are 
concerned with reproduction. 

(ii) Contractile Vacuoles. In Paramecium there are two con¬ 
tractile vacuoles occupying somewhat fixed positions in 
the endoplasm. One vacuole is located at both the posterior 
and anterior end of the body. (In P. multimicronucleatum 
there are 2-7 contractile vacuoles). The anterior vacuole is 
sometimes called the nuclear vacuole being near the 

nucleus and the posterior one is called the peristomial n y Tryckocy** 

vacuole being in vicinity of peristome. Each contractile f( . ubuIar ten ninal prt (b) an ampulla 

vacuole is surrounded by 5-12 radiating canals. Each rad,.ting canaI cormsts of(.)a t» » ^ „ ttrmiaAl 

and (c) .n injector anal. The injector e*n*l°f*nr mtolhev.cu^ejaecnonrn py^» mUtclw „ 
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apparent that the systole of ampulla becomes the diastole of the vacuole- In P. 
irichium the contractile vacuole is without radial canals. The contractile vacuole 
opens outside through discharge canal Bundles of fibres surround the ampullae 
and the main vacuoles, and edheemed in the production or control of the pressure 
required to control the vacuole. 

Tbq contractile vacuoles pulsate at different rates depending on their position. The 
posterior vacuole pulsates faster than the anterior vacuole because of large amount of 
water being delivered into the posterior region by the cytopharynx. 

(iii) Food vacuoles. These are roughly spherical, non contractile bodies varying in size 
and number lying in the endoplasm. They contain ingested food materials, mainly 
bacteria and a small amount of water. Volkovsky (1934) proposed the name 
gastrioles for these vacuoles. _ 

Oral groove and associated structures. The oral groove is located on the ventral 
surface extending back-wards into a funnel shaped depression known as vestibule 
consisting of inveginated body pellicle. The vestibule leads into buccal cavity which 
directly leads into the cytostome or mouth which is Gxed oral opening. The cytostome 
directly opens into the wide cytopharynx or pharynx which extends toward the centre 
of body. The cytopharynx forms a food vacuole at the posterior end. 

Large and hard cilia are present in these structures. These are specialized cilia and 
form four organelles which help in food ingestion. 

(a) Endoral membrane. It is formed by the fusion of one row of cilia. It runs transver¬ 
sely along the right wall and partly encirciles the opening of vestibule into 
cytostome. 
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(b) Dorsalpeniculus. This is formed by four rows of densly arranged cilia which are 

placed in a spiral manner on the left side eyiopyte 

of buccal cavity. They end behind the ' ***** 

cytostome. 

(c) Ventral peniculus. It is also formed by 
four rows of cilia. It extends backwards 
to a distance on the left side of buccal 
cavity and ends near the cytostome. 

(d) Quadrulus. It is also formed of four rows 
of cilia which are less densly arranged. 

They are placed in a spiral manner along 
the dorsal wall of the buccal cavity. It 
ends near the dorsal peniculus. 

The quadrulus and peniculi control food 
passage while endoral membrane guards the 
entrance of buccal cavity. A group of long 
. cilia, post buccal cilia behind the lateral wall of cytopharynx. 


Fig. IIJ A Ciliary kinrty 
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Locomotion. The locomotion in Paramecium takes place by two methods: 
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1. Ciliary locomofton. Paramecium swims in water by 
beating of its cilia and has put on speed because of develop¬ 
ment of a large number of these locomotary organs (10,000 - 
18,000). It can swim very slowly, perhaps 5 meters per hour. 

A cilium performs whip-lash movement by which water 
is propolled. In its beat each cilium performs an effective and 
a recovery stroke. During the effective stroke the cilium is 
outstratched and moves from a forward to a backward posi¬ 
tion. In the recovery stroke the cilium is bent over to the right 
against the body and is brought back to the forward position 
in a counterclock-wise movement The recovery position 
offers less water resistance and is somewhat analagous to 
feathering an oar. The direction of effective stroke is oblique 
to the long axis of the body. This causes the animal to swim 
in a spiral path and at the same time to rotate on its longitudinal 
axis. The ciliary beat can be reversed, and the animal can 
move backward. This backward movement is associated with 
the so called avoiding reaction (behaviour). The direction and 
intensity of beat is controlled by levels of Ca+* and K+ ions 
(Eckert, 1972). 

All the cilia of body can neither move simultaneously nor 
are they capable of independent movement The cilia of a 
longitudinal row oscillate in such a way that the front cilium 
moves a little earlier than the one behind it Thus the dlla 
move one after the other from front backwards. This move¬ 
ment of cilia is called metachronal rhythm. However, the cilia 
of a transverse row move simultaneously. This movement is 
called synchronous rhythm. The movement of cilia is control¬ 
led by the infra ciliary system and ATP plays an 
important role (Serawin, 1967). 

pellicle cytophuyu. 


pellicle 


•ropuJU 


Fig. 11.11 Cooinciile vncnole of Paramtt'mm 

2. Metaboly. The body of Paramecium possesses elasticity. It can pass 
through a passage narrower than its body, after which it regains its normal 
size. Such type of movement is called metaboly. This type of body move¬ 
ment is caused by the cytoplasm. 

Nutrition. The free-living ciliatcs are almost entirely holozic. It feeds 
on bacteria, small protozoan, yeast, algae etc but its _ &vounte food is 
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Feeding mechanism. It feeds while stationary or swim¬ 
ming slowly. In feeding, the cilia of the oral groove produce 
a current of water that sweeps in an arc-like manner down the 
side of body and over the oral region. The food particles are Fig. 11.13 Alolgl^»<UMlrow‘>I« , ‘ fl » fcowi,, 8“ eUc4ro, * , yX 
sucked with water current into the oral groove and then to the 

vestibule. Ciliary trea{ of vestibule direct the food particles into the buccal cavity. Some of these 
particles are discarded and left out Quadrulus and peniculi regulate the passage of food into the 
cytopbarynx. At the bottom of cytopharynx the food particles are gathered and form a rounded or 
ball-like mass, the food vacuole. It grows rapidly and when the vacuole attains a maximum size it is 
pinched off and takes its course in endoplasm. The food vacuole besides food particles also contains 
a little amount of water. The exect mechanism by which the food vacuole is liberated is not properly 
known probably p06t-ora) fibres help in this process. The food vacuoles are formed in about 1-5 
minutes depending upon the abundance of material and rate of feeding. The size of vacuoles depend 
upon the quantity and quality of food, viscocity of surrounding medium and the physiological state 
of individual. 
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Digestion and Assimilation. The food vacuole thus formed move in the body in a definit path 
with the streaming movement of endoplasm. The movement of food vacuoles is called cyclasis, Soon after it enters the endoplasm 
the food vacuole moves, posteriorly up to the end where it stops momentarily and them tums'dorsally and turning anteriorly it 

moves forwards. On reaching the anterior 
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end of the body it moves back again along the oral side casting ofT unabsorbed 
remains. The food vacuole remains in the body from one to three hours. 

On leaving the cytopbarynx the vacuole first decreases in size and finally 
increased. The decrease is due to osmotic concentration of endoplasm as it is higher 
than the vacuole, the water is lost from the vacuole and it becomes small. 
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The digestion of food takes place in the food vacuoles in wbidi the medium is 
first acidic and later alkaline. As a result of digestion the proteins are hydrolysed 
into amino acids by proteases; carbohydrates into glucose by carbohydrases. and 
probably fat is also digested. The process of cydosis can be demonstrated ex¬ 
perimentally in Paramecium. If milk, coloured with Congo Red stain, is given to 
Paramecium, the fat particles of milk first become red due to the acidic reaction of 
the enzymes in food vacuoles, then they gradually turn purple and finally blue due F '* 1 LI# PanBnec ‘ um drawing w»ur camel 

fat-droplets which remain scattered throughout the endoplasm. material is glycogen and 

. liParamecium does not get food, it feeds upon the reserve food materials m theenrinnUtr™ un. 
the macro-nudeus becomes smaller, the animal becomes transparent, vacuoles aoDear^n the ^ Cnevcnth ‘f c ' reexhaus,ed 
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food vacuole 


groove 


Respiration. Respiration takes place by diffusion through the general body surface. 

Oxygen is taken in and used for burning of food to obtain energy. As a result carbon 
dioxide is formed which is diffused out in surrounding water. 

Excretion. Most of the nitrogenous excretion in Paramecium is carried by diffusion 
through general body surface. Contractile vacuoles also serve for excretion as urea has 
been detected in them. The chief nitrogenous product is ammonia which is diffused out. 

Osmoregulation. Two contractile vacuoles regulate the water content of the body. 

They occupy rather fixed position, one being anterior and the other posterior. Each 
vacuole is surrounded by 5-12 radiating canals. Both vacuoles derive energy to work from 
the mitochondria crowded around them. 

Behaviour. Paramecium is extremely sensitive to different types of stimuli and 
shows its reaction to them. The response is positive when the animal moves towards a 
stimulus and negative when it moves away. Toan adverse stimulus the animal continuous 
to give the avoiding reaction until it escapes. Various stimuli and their response given by 
Paramecium are: 

1. Reaction to mechanical stimuli (Thigmotaxis or Thigmoiropism). Response to con- p ,_ l| |7 ^Oowtaa C y clorii 

tact is varied. If the anterior end lightly touches a fine point, the animal shows strong 

avoiding reaction. A slow moving individual responds positively to contact with an object by coming to rest upon it 

vacuole in 

2. Reaction to temperature (Thermotaxis or Thermotropism). 

The optimum range of temperature for paramccia is 24- 
2d°C, but they can withstand considerably lower and higher 
temperature than the optimum range. Extreme cool and hot ( 
water is avoided. 



cytophaiym 





lyliole 


radial cantli 

mdyuol 


/ vacuole m 

X *y«°' 


radial canali 


any Hole 
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Poramteium dlapamcdc repftaealalloa of reiplr«tl©a, 
excretion aad oamoregaUlloa. 


3. Reaction to chemical (Chemotaxis or Chemotropism). It 
shows avoiding reaction to chemical like base. If a drop of 
weak salt solution (5%) is introduced in a Paramecium 
culture on a microslidc. the animal show negative response. 

However, they show a positive response to the acids. 

4. Reaction to light (Phototaxis or Pliototropism). It shows 
negative response to bright light as well as dark. It responds 
to the diffused light However, P. bursaria is positively 
pbototactic. 

5 Reaction to gravity (Geotaxis or Geolropism). Paramecium go.cr.1ly exhibit . ncg.livc response to gnvltya. «“ * 
“coniincd i . tesl rube wbere rbey g.rbc, Cose .0 the surf.ee film w.rb then -"tenor ends ^d fwodjf 
paramecin are introduced in an inverted water filled 'll' shaped lube stoppered .t both the ends, they tmmedtately move 
upward into the horizontal part of the tube. 

6. Reaction ,0 water current (Rheotaxts or Rheotropism,. In a gentle water current the parameci. will mostly move with the 
flow with their anterior ends upstream thus showing positive response. 

7. Reaction ,0 electric current (Galvenotaxis or Calvenotropism,. When two decodes are placed WO-te"* 1 

shallow dish containing paramccia and a constant current applied all the organisms swun 

8. Reaction ,0 hydrostatic pressure (Barotaxis or Barotropism,. When the hydrostatic pressure is mocked, the "" • 
movement is decreased. 

REPRODUCTION 
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genetic exchange and nuclear organization, and 
also gives rise macronucleus. 

In Paramecium two types of reproduction 
is reported. 

I Asexual Reproduction 

II Sexual Reproduction 
I Asexual Reproduction 

Asexual reproduction takes place during 
favourable conditions. Asexual reproduction is 
always by means of binary fission, which is 
typically transverse. More accurately, fission is 
described as being homotheogenic, with the 
division plane cutting across the kineties-the 
longitudinal rows of cilia. 

Before the beginning of fission, 

Paramecium stops feeding and the body elon¬ 
gates to become spindle-like. The oral groove 
disappears. The micronudeurs divides by the 
complicated process of mitosis and the resulting 
two daughter micronuclei move towards op¬ 
posite ends of the cell. All the stages of mitosis 
i.e. prophase, metapbase, anaphase and 
telophase take place inside the nuclear 
membrane. The number of chromosomes is 36- 
150 depending upon the species. When this is 
happening, the macronudeus also elongates, 
divide transversdy by amitotic process in which 
the number of chromosomes may differs. A 
transverse constriction appears in the middle. 

The constriction deepens gradually. In the mean 
time two oral grooves begin to form one in the 
anterior half and another in the posterior half. 

Two original contractile vacuoles of parent 
remain, one in each half of the dividing parent 
individual. Two contractile vacuoles are later 
formed. Two new buccal structures also appear. 

Now the constriction completely divides the 

again' * W ° d * U ghte r P*rameci. of equal size and with a complete set of cdl-organelles. These grow to full size before dividing 

The newly formed daughter parameda neither resemble each other nor the tvnkal n.rm. ««_.u 

disU ”« Ubbtd “ UK *" ,ai0 ’ dlUgh “' < /W > * nd •* •’■»**■<« (Opistte). Soon 0, C y assume ft. typi^'fom ^ 

of - - 

can be obtained in a short ,unc. AH to individuab wWci am f T ° f 

the members of a clone are genetically alike. °° m • Sin S ,c collecUvely, form a c/twte and all 

TT,e binary fission cannot go on indefinitely. After several generations, the rate of fission dedines. 


Fi«. 11.19 
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daughter paremeoa 


Fig. 11.20 Paramecium Caudaum showiag biaaiy IWN 

II Sexual reproduction 

Paramecium reproduces sexually in which nuclear 
material of two individuals is interchanged. This method is 
called conjugation, but it is simply a temporary union of two 
individuals of one and the same species. 

Process of Conjugation. The process of conjugation is 
given by Hertwigg and Maupas (1889) in P. aurelia. The 
basic pattern is similar with slight variations in different 
species of Paramecium. Here we will discuss the process of 
conjugation in P. caudatum. 


Paramecium 


macroaucloii 

micronucktu 

iwo parunecia fiuc at conjuganu 



aceby theISs,i^y substance produced by the ci.ia. Attachment.asts fo,sever., hours. 

4 haploid nuclei. . 

^Ip'onuclL The bigger one is inert and died senary o, f.maUpronucleus. 
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The male pronudeus of one conjugant passes into the other conjugant through the protoplasmic bridge, similarly the male 
pronudeus of other conjugant passes into the first conjugant. Now the male and female pronudei fuse results In the nnnauon 
of zygote nucleus. The complete fusion of two nuclei from two different individuals forming a zygote nucleus is calle 
amphimixis. The process cannot be called as fertilization because there is no fusion of gametes and their cytoplasm. 

After about 12 hours or so the conjugants are separated and are now termed as exconjuganis. The zygote nudeus divides 
thrice in each exconjugant resulting 8 nudei. The divisions are mitotic. Out of these 8 nuclei 4 assume large size and 
macronuclei. Remaining 4are micronudei. Out of these 4 micronudei 3 disappear leaving behind only 1 micronudeus. It divides 
again forming two and at the same time the exconjugant divides by binary fission into two cells. Each cell having two macronucle i 
and one micronudeus. The micronudeus again divides into two micronudei and at the same time the cell divides into two 
daughter parameda by binary fission. Each daughter having one macronudeus and one micronudeus. 

Thus each conjugant produces four daughter individuals in the end of conjugation. The whole process of conjugation takes 
about 96 hours to complete. 

Factors and Conditions of Conjugation 


Conjugation is unique type of a sexual process in which following conditions and factors one necessary. 

1. Conjugation takes place after a desirable number of asexual reproduction i.e. about 300 generations which have reproduced 
by binary fission or it occurs after a long continuance of binary fission so that the rejuvmation may take place in the exhausted 
or perishing done. 

2. Conjugation occurs when changes take place in the physiological condition. The individuals are usually smaller in size (210p 
in length) than the normal individuals. 

3. It occurs during unfavourable conditions'such as scarcity of food, light etc. 


4. Agglutination favours conjugation. It is a sticky substance secreted by dlia of conjugants. 

5. Conjugation starts early in the morning and is continued till the afternoon. It suggests that dark favour conjugation and light 
supress it 

6. Conjugation never takes place among the individuals of a dooe. It occurs between the individual of a variety or syngen 
belonging to two different mating types. Since each syngen has two mating types. 


In P. caudatum there are 16 syngens and 32 meting types. 


Significance of Corrugation 

The significance of conjugation has been discussed in details, but it still remains uncertain. The following significances are 
attributed to conjugation. 

1. It is the method of rejuvination by which the vigour of the species is maintained. If conjugation does not occur for a long 
time than parameda become weak and ultimately die. 

2. Conjugation is a temporary union in which there is no mixing of cytoplasm of the conjugants but a zygote nudeus is formed 
by the fusion of their nudei, therefore, the zygote nudeus of each conjugant possesses the herediatary material of both the 
conjugants Le. new characters come in them. 

3. In conjugation, the micronudeus is replaced by flic material of zygote nudeus. The number of dtromosomes Is restored In 
macronudeus by conjugation due to which the vigour of daughter parameda is renewed. 

4. The function of micronudeus is to maintain balanced chromosomes and gene complex. 

Aberrant behaviour In reproduction . 
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According (o Sonnebom (1957) in P. aurelia, there are 14 syngens and 28 mating types. These are as follows. 


Table. Sbwoing the mating types of P. aurelia complex - 


Syngenr 

number 

Mating 

type 

Other mating types 
with which conjugation 
occurs (and %) 

Group 

+ or-type 

1 

I 

II (95%). X (40%) 

A 



11 

I (95%). DC (40%). Xm (10%). V (1%) 


♦ 

2 

HI 

IV (95%) 

B 



IV 

in (90%) 



3 

V 

VI (95%). XVI (40%). 11(1%) 

A 

• 


VI 

V (95%) 


♦ 

4 

vn 

vm (95%). XVI (95%) 

B 

• 


vm 

vn (95%). XV (60%) 


♦ 

5 

DC 

X (95%). II (40%) 

A 

• 


X 

DC (95%). 1(40% 


♦ 

6 

XI 

XD (95%) 

B 

• 


xn 

XI (95%) 


* 

7 

xni 

XIV (95%). 11 (10%) 

B 

- 


XIV 

XU1 (95%) 


♦ 

8 

XV 

XVI (95%). VIII (60%) 

B 

• 


XVI 

XV (95%). VIII (95%). V (40%) 


+ 

9 

XVII 

X VU (95%) 

A 

- 


XVII 

XVII (95%) 


* 

10 

XIX 

XX (95%) 

B 

• 


XX 

XDC (95%) 

A 

• 

11 

XXI 

XXII (95%) 

A 



XXII 

XXI (95%) 



12 

xxin 

XXIV (95%) 

B 

' 


XXIV 

XXTO(95%) 


♦ 

13 

XXV 

XXVI (60%) 

C 

- 


XXVI 

XXV (60%) 

C 

• 

14 

XVII 

XXVU1(95%) 

A 

* J 


xxvni 

xxvn (95%) 


_J_ 
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1. Autogamy. DiUer (1934, 36) described a process of 
self-fertilization or autogamy occuring in a single individual of 
P. aurelia. About once a month P. aurelia undergoes this 


During autogamy the macronucleus increases in size to 
form an irregular structure and later breaks up into small frag¬ 
ments are absorbed in the cytoplasm- The two micronudi divide 
twice forming eight nuclei. As a rule the first division is meiotic 
thus aU the eight nudei are haploid. Out of these eight nuclei, 
seven disintigrate and only one nucleus is left. It again divides 
to form two nuclei. These nudei are called gametic nudei. By 
this time a peculiar cone-like bulge appears on the surface of 
autogamous animal, slightly to the right and anterior to the 
cytostome. Because of its position it is called the oral cone or 
protoplasmic cone. "Ilie gametic nudei are at first elongated and 
spindle like bodies. Often there is slight size variation between 
them so that they may be termed to as male (smaller) and female 
(larger). They approach each other and then move into the cone 
and fuse to form zygote nucleus. Later it comes out of cone and 
the cone disappears. The zygote nudeus divides twice forming 
four nudei. Two of these nuclei increase in size to become 
raacronudei and remaining two as micronuclei. The cell body 
and micronudei divide by binary fission to form two daughter 
pararaecia each with a macronucleus and two micronudei 


micronudei 



macronucleus 
2 micronucki 

fun prerygoiic diviiion 

4 micronuclei 

second prerygoiic diviiion 

5 micronudei 

protoplasmii cone 

2 pronuclei move towards ihe 
cone remaining run degeneration 

2 pronuclei enter the cone 
remaining degenerate 

2 pronuclei in cone 

2 pronuclei in con* fu»e aa 
■ynkaryon 

fun poatxygotk diviaka 
2 micronudei 


Slgnlflfance of Autogamy 

1. Rcjuvination in the species is accomplished by autogamy. 

2. A new macronudcus is formed from the material of 
micronudei. 

3. Paramecium regains its lost vigour by this process. 


2. Endomixis. Endomixis was first observed by Woodruff and 
Erdmann (1914) in P. aurelia. In endomixis only the 
nuclear reorganization occurs after which the body of 
Paramecium divides into daughter paramecia. It occurs as follows: 


pocrygotic division 

4 micronudei 

2 become macronudei 
/ '5's 2rtmain micronudei 

t* 5*/ old macronudcus degenerates 

micronude and paramecium 

■ * • *-• 1 daughter paramoda 

Fig. 11.22 Param*<UimatirtiUt afcowlag varioca uageaot aalogamy 



When endomixis starts, the macronucleus dbintigrates and disappears. The two micronudei divide twice resulting in the 
formation of eight nudei (all diploid). Out of these 8 nudei six disintignte and only two are left Now the Paramecium divides 
by fission into two daughters each with one nudeus. The nudeus of each daughter divides twice forming four nudei Two nude! 
enlarge to form macronudei and remaining two micronudei. The two mioonudei, again divide to form four micronudei in the 
mean time the cell divides again by fission into two daughters each containing one micronudeus and two micronudeL In the 
end four daughter paramecia are formed from one individual. 


According to DUIer (1936), Sonnebom (1947) and Whichterman (1953) the endomixis does not occur in Paramecium. 


3. Cytogamy. Wichterman (1940) observed the process of cytogamy in P caudatum. The process is something intermediate 
between conjugation and autogamy. Two individuals stick by their oral surfaces, the micronudeus divides twice (first 
division in tnciocic) of these toe disintegnte too the cytopton. the tenanting one divide, once producing two g,metic 
nude,. Mf-fertUtatron ate pi.ee. 1>e conjoint, now sepstste and oiled exconjuguts. Exconjugsnts behsve .nd 
multiply as in conjugation. The process is completed in about 13 hours. 

The geoetical consequence of cytogamy is always homozygosity. 





4. Hemixis. This method ofnudcar reorganization was observed by Hartman in P. aurtlia and was supported by DUIer (1936). 
During hemixis the micronudi do not participate. The macronudeus throws out two or more equal or unequal fragments to 
be absorbed in the cytoplasm. The remainder of macronudeus and micron ocki behave normally at the cell division. 

DUler classified hemixis into four types. 

1. Type A., It is the simplest form of hemixis characterized by a division of the macronudeus into two or more parts in the 
cytoplasm. 

2. Type B. It is characterized by the extrusion of 1-20 or more chromatin balls from the macronudeus. 

3. Type C. It is characterized by the simultaneous splitting of macronudeus into 2 or more major portions and extrusion of 
balls into cytoplasm. 

4 Type D. It is considered to be the pathogenic conditions in which micron udeus undergoes complete fragmentation into 
chromatin balls that disappear from the cell later on. Micronudei generally disappear before the dissolution of macronudeus. 

The hemixis is considered as an act of purification on the part of the macronudeus and the process of chromatin material 
cast off by it are hdd in contain waste and harmful substances. 

KflkrFaniaecia 

Sowiebom discovered tta>( cert.ii. itr.il off. au,elm libente . toxic sutattuce iolo the medium in which they live. This 
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toxic substance kills the other strains of Paramecium. He ailed the former strain is killers snd liter ss sensitives. The toxic 
substance is named as parmecin. The killing takes place slowly, the sensitive taking about two days to die. 

Symbiotic bacteria (Caedibacter) have been found living in the cytoplasm of P. aurelia (Soldo. 1974; Preer 1981)and [>* vc 
been given such names as kappa, mo. pi. lambda etc.; lambda possess bacteria flagella, and several types of symbiont have 
bacterial cell walls, killer paramecia were found to contain kappa, but the persistence of kappa in the cytoplasm was dependent 
upon the presence of dominant macronudear gene. Only kappa bodies that contained refraclile indusions (tightly-coiled ribbons 
associated with vinis-like granules) were able to kill, but other kappa could develop these inclusions. Other symbionts act in a 
comparable manner, parameda that possess mu kill sensitive at conjugation (they are mate killers), while pi may be inactive 
kappa. Parameda that contain lambda produce lethal granules which are released into the medium. It is assumed that these 
symbionts derive nutrients from the parameda. A killer slock has an advantage over a sensitive stock in ecologial competition 
(Landis. 1981). Lambda apparently synthesises folk add. and parameda with this symbiont have no external requirement for 
this vitamin. 
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NUTRITION IN PROTOZOA 


The process by which an organism lakes in food, digest it and assimilate it is known as nutrition. 

C There arc different methods by which protozoa take their food, because food provides energy to organism to make-up for 
the wear and tear of body components lost during its manifold activities. Following types of nutrition takes place in protozoa :) 


(1) Holozoic 

(2) Holopbylic 

(3) Saprophytic or Saprozoic 


(4) Parasitic 



(S) Mixotrophic 


(6) Coprozoic 


I. Holozoic nutrition 


Holozoic (Gr. holos s whole; zoon - animal), as 
the name indicates animal like. All the higher animals 
obtain their nourishment by this method. They 
depend upon ready-made food. This ready-made food 
is either small organism or plant. The nutrition invol¬ 
ves into the capturing of food, its ingestion, digestion 
and assimilation, and rejection of waste undigested 
products. 

Food capturing and Ingestion. The methods of 
food capturing is different in different species of 
different classes. The locomotory organelles play an 
important role for capturing the food. But in addition 
to it there are few other structures which also help in 
this process. 

In Sarcodina: 

The mouth is totally absent so that food is in¬ 
gested at any point of body surface. According to 
R humbler (1910) four types of food ingestion occur 
in Amoeba namely 


FI*. 12.1 lagcsiioa la Amotb*. A—by clrcamnaeace, B—by Im¬ 
port. C—clrcamralUdoa. D-H—by lavagiaiiioa. 


rm/vesw —j - - 

^ ibis method the food is taken into the bod, upon comae. with very little movement on the par. of snim.l. For 
S^Tute algal filament is taken inside the body by Amoeba verruca*,. 
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, M By inclination. Upon touching . food particle, the edoplaam .brink, and forming . food tube 

(!V) ttSfiSStSkl d£3—» into the htbc, the ectoplasm ted. up behind It 

The radio.-nan .nd heliozoa ns capture fc^wdh Uteir ajopodi. w*ch Cy ‘^“ ,n - 

In Elphidium, organisms adhere to lb. teliculopodi. are patlyaed .nd thm mgeated m retfcultim ouUide 

InMastigophora: 

The, generally bear . cytoalom. which open into the endoplom by m en. 
cytopharynx .. m EutUna. By the l*shing movement the food-partide. me dheeled Into the 
^mTlhe method of ingmdoo in Paranja b obsetved b, Chan 0*50) Paranama hup. 
Euglena by fin, harpooning tbevictime with its oral rod.. The flagellum beam idively wh jcb «nUdi 
the body, followed by elongation. Thi* process goes till the Euglana comes wholly in the body of 
Paranema. 

InCUiata: 

There are many types of cytostomes and associated structures, but the food capturing seems to 
be of two types. In some ciliates the cytostome remains permanently open e.g. Paramecium. It is a 
continuous feeder. The food particles are small in size that pass through the cytostome and goes Into 
endoplasm. In another kind the cytostome remains dosed e.g. Coleps and Didinium The cytostome 
opens only when a prey b to be ^ 
ingested ( Kidder and Dewey, » bo4yt* 

1940). In reptorial ciliates like 
Porodon a cirdet of txkhites sur- 
(e«uagoa Eugima round$ % hc cytostome. The 
cytostome leads into cytopharynx. The cytopharynx b 
ciliated which creates water current and allows to bring food 
particles with water. Trichocysts of Paramecium and 
myoneme of Vonicella also help in ingestion of food. 

In Sudoria: 

In some sudortan the tubular tentacle* help in ingestion 
of food. The tips of these ten tides are devoid of pcllide and 
possess baptocysts which pierce into the body of the prey. 

They suck liquid and solid materials as in Choanphrya. The 
tentades also secrete toxic substance which paralyses the 
prey. 



Fig. 12.2 
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Digestion and Assimilation 

The food vacuoles contain ingested partides are usually surrounded by water. The quantity of water vary in different 
vacuoles. The food vacuoles finally read* in the endoplasm. laAmoebina the vacuoles are carried about by the moving endoplasm. 
In ciliates the fluid endoplasm shows streaming movement called cydosb. In Vonicella species food vacuoles are formed one 
by one at the end of cytopharynx migrate throughout the cytoplasm. The old vacuoles disintegrate at the base of cytopharynx 
and thence to out side ( Hall, 1931). 


The molfleor active prey which U oke. m by the protozoa loues its movement and Bally die*. It b believed that add, 
“ po 7‘ 1 fo ? "“Ota (E**-*™™. 1878, Bran*. 1881). AccortHng to Nirtmtain (1925) 
the food vacuole. ofiWneemm undrago m choge. In reaerton Brat addle ad then alkali^On ihco.be, hand Khautrky 
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(1910) observed that the food vacuoles of Paramecium is addle during the entire period of protein digestion; becomes neutral 
and finally becomes alkaline when the solution of food substance is ended. Shapiro ( 1927) studied the reaction changes in food 
vacuoles of Paramecium caudaturn by using phenol red, Congo red and neutral red. Various types of enzymes are produced by 
different protozoa, viz. in Amoeba proteus, peptidase (observed by Holler and Kopac, 1937) protienase observed by Anderson 
and Holier, 1949) and amylase (by Hotter and Doyle, 1938). In Paramecium caudatum peptidase and amylase enzymes are 
observed by Holler and Doyle (1938). They can also digest fat ( Dawson and Belkin, 1928) and even cellulose. Cleveland et aL 
found that many symbiotic Hypermastigina (Trichonympha) and Polymastigina ( Colonympha) living in the intestine of termites, 
cattles and horses can digest cellulose. In Tetrachymena the lysosomes provide glucosidases. proteases, amylase, phosphatase 
and enzymes digesting nucleic adds. 

The digested food is supplied to every part of body by diffusion bom the food vacuoles. Roth (1960) studied digestion in 
Pelomyxa under electron microscope during alkaline phase. He suggestes that the transfer of the digested materials from the 
vacuole into the cytoplasm is by formation of pinocytic vesicle around the food vacuole which gradually disintegrates in the 
cytoplasm, liberating their nourishing content 

Egestion 

The undigestible residue of the food is thrown out by the body. In Sarcodina egestion of residue may takes place at any point 
of body; but in pellide bearing forms, the egestion takes place through the cytopyge present on the posterior region of body or 
through the vestibule ( Carchesium ). Permanent cytopyge is absent in some forms. The permanent cytopyge bearing cfliates are 
Balantidium and Nyciotherus. 

2. Holophytic nutrition 

(Gr., Holes = whole; phyton = plant) as the name indicates plant-like nutrition. In this process the animal, like plants, 
decompose carbon dioxide by means of chlorophyll contained in chromatophorcs. in the present of light, so as to form 
carbohydrate with the liberation of oxygen. The aiumal forms a special type of starch called paraglycogen. In a number of other 
cases the organism itself is without chroma lop hoses but is apparently not holozoic, because of the presence of chlorophyll bearing 
organisms within it For example in the testa cean. Paulinella, absence of food vacuole but chromatopbores of peculiar size are 
present Paulinella appears to be a specks of algae which bolds a symbiotic relationship with the testa cean. In Paramecmm 
burseria and Stenior polymorphus the chromea top bores are absent but they are also not holozoic. They are able to obtain 
nourishment with the aid of symbiotic algae, ZoochloreUae, in the cytoplasm. 


3. Saprozok nutrition 

(Gr Sapros « rotten; zoort - animal). This type of nutrition is seen in many parasitic protozoa, and colourless, free-living 
flagellates. The organic food materials are dissolved in water. The organism does not possess any special oipn for the in8«*>n 
The ingestion takes place through the body surface by the process of diffusion. Pringshem (1937) observed in Po(ysrome/m that 
sodium acetate is needed from which the starch (among others) is produced and carbohydrates have no direct beanngs upon the 

nutrition. 

The complicated system of food vacuoles, called pusule, found in dinoflagellates ( Ceratium) is the example of special 
organelles employed for saprophytic nutrition, since they are filled with decomposed organic matters. 

4. Parasitic nutrition 

The protozoa which live within the body of another organisms or hosts are able to nourish themselves by absorbing the 
digested or decomposed food of the host is termed as parasitic nutrition. 

According to the type of food substances, the parasitic protozoan are of two types; 

(ii) 
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5. Mbcotrophk nutrition 

Some protozoa utilize more than one method of obtaining nutrients. The common example is Euglena gracilis. According 
to Zumstein (1900) and Inotf (1932) E. gracilis losses green pigments in dark. This indicates that it can survive without 
chlorophyll by saprophytic nutrition. Entamoeba histolytica engulfs RBC and tissue fragments holozoically and dissolves host 
cells by enzymes it secretes. The dissolved material is than absorbed saprozoically. 

6. Coprozok nutrition 

Many free-living protozoa feed upon the faecal matter of other organisms and are turned coprozoic. e.g. Rhymchomonas 
nasuta, Chlamydophrys stercorea etc 


RESERVE FOOD MATERIALS 

By the anabolic activity of organism result in growth and increase in volume, and also in the formation and storage of reserve 
food material. The reserve food material is glycogen, paraglycogen. certain crystals etc These are used during scarcity of food 
material or growth or reproduction. 

The anabolic product of holophytk nutrition are starch, paramylon, oil and fats. The paramylon bodies of various sizes 
among different species but in a given species they are similar. These are insoluble in boiling water but soluble in concentrated 
sulphuric acid, potassium hydroxide etc It does not stain with iodine or zinc chloride 

Fat occurs widely in protozoa as globules. Zingher (1934) found that in Sarcodina and Ciliata each species shows 
morphological characteristic in having the faL In Amoeba and Pelomyxa abundant fat bodies occur which can be seen with 
staining Sudan III. 

Volutin occurs in every protozoa except Ciliopbora. Reichenow and others bold that volutin appears to be a free nucleic acid 
and is special reserve material for the nuclear substance Sassuchin (1935) studied the volutin in Spirillum volutans and found 
that during strong period of growth, nourishment and multiplication they increase but disappear in unfavourable conditions of 
nourishment and gives a series of carbohydrate reactions. 
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REPRODUCTION IN PROTOZOA 


In many protozoa, reproduction occur at frequent intervals, with relatively short period of growth intervening under 
favourable conditions. In some cases growth may extend over a period of several to many days so that reproduction occur at 
long intervals. 

In the less complex protozoa many modes of reproduction are seen. In some they are very simple while otbcR they are much 
complex. In either case they are essentially similar to the cell-divisions as seen in higher animals and always begin with the 
division of nucleus. 

Basically reproduction in protozoa lakes place by two distinct methods; 

I. Asexual Reproduction 
II. Sexual Reproduction 
I. Asexual Reproduction 

In asexual reproduction, no specialized sex cells are involved. The stage of asexual reproduction is found in all the groups 
of this phylum. Even those protozoa which reproduce sexually also multiply by asexual processes. Generally the asexual 
reproduction is of the following types: 

1. Binary Fission 

2. Multiple Fission 

3. Plasmotomy 


4. Budding. 

1. Binary Fission.This is the moil common type ofteproducrion found in pro.ozo. Here division ol'parentalI «" »»lo1»or 
more daughter celts,occu,. The nuclear divtsion is mitotic (Karyohnesis) followed by the dtvston of cytoplasm (cyrofancsr.) 
by a constriction. 

The plane of the division of the cytoplasm of the body varies in different groups of protozoa. On the basis of this, binary 
fission is of the following types: 

(i) Simple binary fission. Here the plane of division cannot be definitely ascertained because no special event lakes place 
at the time of division. Simple binary fission occur in Sarcodina (Amoeba). 

(ii) Longiludinal binary Jission. In flagellates and pe.iuichous ciliaKs (VoniceUa) the plane of division is parallel to the 
longitudinal axis of the body. 

(iii) Transverse binary fission. In Cilophora ( Paramecium ) the body of animal is transversely divided into two daughters. 
In a few flagellates (Oxythis) transverse binary fission is seen. 

(iv) Oblique binary fission. Here the division of body is somewhat oblique as in Ceranum and Cochioduuum. 

(v) Repealed binary fission. In this method the daughter individuals produced by firs, binary fission fail to separate and 
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undergo repeated bin.* fission giving rise to Tour or tnce individuaU e g. Coloni., p.otozo. indude Dinobryor, 
Polykrikos etc. 

(Vi) Encysted binary fission. During unfavounble condition this mode of rep.oduc.ion occurs. TTe animal secretes a c,s. 
around itself and divides by binary Gssion as m Amoeba, Colpoda, Tillma etc. 

2. Multiple Fission. In multiple fission the nucleus divides many times either by mitosis or 
without the division of cytoplasm. The daughter nudei arrange themselv* along the 

surrounded by a bit of cytoplasm forming daughter individuals. Then number vanes ,n d,ff * re " l | f™ J ' S ^ " ' 
thousands in some. They become &ee by the rupture of parental body and lead the.r mdependent fives. Multiple fission is 
very common in Radiolaria, Foraminifera. Sporzoa and Mastigophora. 

The multiple fission occurs at different phases in life-cyde of different individuals 
and are named accordingly. The multiple Gssion can be divided into following three 
groups: 

(i) Agamogony or Schizogony. Asexual process not related to the sexual 
phenomenon. Product of schizogony grows into trophozoite. e.g. Plasmodium. 

(li) Gamogony. Multiple fission yields gametes which lake part in sexual reproduc¬ 
tion e.g. Monocyst is. 

(Hi) Sporogony. The multiple fission in the zygote is known as sporogony. The 
oftspirings are known as spores which are infective stage. 

On the basis of presence of characteristic organelles, the individuals formed are 
variously named: 

(a) Pscudopodiospores. The spores which posses pseudopodia are called pseudo- 
podios pores. 

(b) Flagellospores. Those protozoa in which Oagella are formed as a result of 
sporogony are called flagellospores. 

(c) Swarm spores. When the individuals, formed flora the multiple fission, are motile, 
they arc called swarm sports. 

3. Plnsmotomy. It is common in mullinudcatc protozoa such as Opaline, Pelomyxa and 
Actinosphacrium. Here the cytoplasm is divided into several pieces, each containing 
several nuclei. Here the nudear division does not occurs. Each of the daughter regains 
the normal number of nuclei by the division of parental nudei. 

4. Budding Here the nudeus divides and cytoplasm emerges out in the form of one or more projections each have a daughter 
nucleus, these projections detache and develop into individuals. The projections are called buds. The process of budding is 
not common in protozoa. It occurs regularly in Suctoria. According to the number of buds there are two types of budding: 

(i) Single gemmation or Monatomic budding. When only one bud is formed at a time e.g. VorticeUa. 

(ii) Multiple gemmation. When many buds are formed simultaneously e.g. Suctoria. 

According to the formation and position of buds, the budding is of two types: 

(i) “* buds ,re fom “ ) ~ ou,growu,s ° n * >»« *** on « s «, m.„ y 

(,,) ta ?L tt,e b ° dy 0t|Urem brood-chamber ,s in 

ectoplasm. 0 ™' P " e “ b ^*8“*^ <o form the btood pood, which is lined 



Fig. 112 PUwnotomy la Ptlomyta. 
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II. Sexual Reproduction 

Sexual reproduction lakes place among Sporozoa. Ciliata and Sudoria. It 
has been reported from many Fora mini fern. Hcliozoa, Hypermastigina and 
Pbytomastigina. Two types of sexual reproduction have been distinguished 
besides some aberrant forms of conjugation are found in the species of 
Paramecium. 

1. Syngamy 

2. Conjugation 

I. Syngamy. It involves the complete fusion of two gametes by which the 
zygote is formed. Depending upon the degree of differentiation of 
gametes syngamy is distinguished into following types; 

(i) Hologamy. It is the fusion of two mature organisms which do not 
produce gametes, but behave as gametes as in Trichonympha and in 
certain rhizopods. 



Fig. 13.3 Eigeaoss bidding to Ephalrta 


(ii) Paedogamy. If the fusion of gametes takes place in young individuals it is 
called paedogamy. e.g. Actinophrys. 

(iii) Isogamy. When the gametes are similar in size and form. They are called 
isogametes and their union is isogamy. It is common in Forminifera. 
Gregarinida and Pbytomonadina. 

(iv) A nisogamy. The gemetes. fusing in this type, differ from each other in 
shape, size and behaviour. The gemetes are called anisogameles and their 
fusion is known as isogamy. The smaller, motile and active gametes are the 
microgametes or male gametes and the bigger, non-motile and passive 
gametes are female gametes or macrogametes. An isogamy is more com¬ 
mon in Plasmodium, Eimeria, Volvex, Protopalina etc. 

(v) Microgamy. In some Foraminifera and Arcella. two types of microgametes 
are formed. When the microgametes of one animal fuse with the 
microgametes of other, the fusion is called microgamy. 

(vi) Macrogamy. When union occurs between the macTOgametes of the same 
species e.g. Actinophrys. 

(vii) Merogamy. Here the gametes are formed by the division of the normal 
individuals. These gametes are of different shape and structure from the 



parents. 

(viii) Exogamy. It takes place between the offspring of different parents. 

(ix) Autogamy. Fusion of gametes derived from the same parent cells, e.g . Actinosphaerium. 

Significance of Syngamy. In syngamy Ute fusion of .be nvo nuclei takes place results in synkatyon. Syngamy has following 
effects: 


(i) Two different types of hereditary characters come together. 


(ii) Variations are developed in the individuals. 

(iii) It renews vigour which is lost due to repeated binary fission. 
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(iv) The fusion of nuclei initiates the development of egg. 


2. Conjugation. Conjugation is a temporary pairing of two individuals, the 
conjugants, that separate after mutual exchange of male pronuclei. Con¬ 
jugation is characteristic of Ciliates e.g. Paramecium, Vorticella etc. In 
Paramecium the conjugants are separated but in Vorticella there are two 
conjugants one large macroconjugants and other microconjugant which is 
smaller. The microconjugant dies after conjugation. (For detail see chapter 
Paramecium . 

Significance of Conjugation. The significance of conjugation has been:- 

(i) It is a process of rejuvination and reorganization by which the vitality 
of race is restored. 
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(ii) New nuclear combinations and new hereditary 
combinations. 

(iii) The metabolic activities of the animal are in¬ 
creased by the formation of a new nucleus in 
place of the old one. 

Aberrant Behaviour In Reproduction 

1. Automixis Here the fusing nudei are derived from 
the same micro-nudei of the same individual. This 
can be: * 



(a) Autogamy. In this the fusion of two pronuclei F ' r 13 6 p * t4o ***y h * rt ****o* 

of the same individuals. It corresponding to self-fertilization in higher animals, e.g. Paramecium aurelia. 

(b) Paedogamy It is the fusion of two young daughters produced by the same parent, e.g. Aclinophrys. 


2. Endomixis. It* a type of nudear organization with a single individual of P. aurelia without nudear division and nudear 


3. Hemixis. lt is a process of recognition of maaonudeus without any change in the micronucleus In 

m,CI0 ” udt “ “ ** *" iB or 

4 ' - - -— 
so <b.< Ibclsmetcs dovolop” ^ 

called plasmogamy. y pmle ,rom other without any change. This process is 
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ECONOMIC IMPORTANCE OF PROTOZOA 


The protozoa are acellular, microscopic organisms found everywhere, in water, soil, on the body of plants and animals. 
Although they are minute and apparently insignificant, but they are ofconsiderible economic value to the mankind. Tbe activities 
of these organisms can be divided the following two beads: 

1. Beneficial 

2. Harmful 

BENEFICIAL PROTOZOA 


The protozoa are useful in the following ways: 

1. Food. Protozoa provide food for insect larvae, cmstaoeans and worms, which are taken by large animals like '° bslen - 

clams, and crabs, which are eaten by man. Thus they form sources of food supply to man both directly and indirectly. 

2. Symbiotic Protozoa. Certain protozoa like Trichonymphan d Colonymphya etc. live in the gut of termite which help in the 
digestion of cellulose. The digested cellulose is utilized by the host 

3. Insect Control. Several protozoa control harmful insects by persisting their bodies. 

4. Helpful in Sanitation. A large number of protozoa living in polluted water feed upon waste organic matters uddiui(purify 
it. Many protozoa feed upon bacteria and play important role in tbe sanitary betterment and keejyng water safe for drinking 
(Kudo. 1947). 

5 Industry. The skeletal deposits of marine protozoa (For.minifer. and Radiol.ria) form oceanic ooze at 

ACt30% of oceanic beT* covered with tbe Globigerina ooze. These skeletal depots are put to many uses. Some are 
employed as filtering agents, others are made into chalk and still others are used for abrasives. 

6. Building material. The skeletal deposits in due course of time change into the limestone rocks. 

the Globigerina ooze, such as that of cliffs of Dover, which have played an important rote in tbe £f«ce <>f ^ngl 
Corner, J (formally known as Nummulues. are the largest protozoa, which form limestone. The pyramids of Egyp 
largely of this Nummulitic lime-stone. Thus, limestore-beds are used as buildmg material. 

7 OU Exploration. Petroleum b of org.nic origin. The skeleu. deposi. of Forminifer. .nd Rndiolnri. .re often found m 
association with oil deposits. In this manner they help in tbe exact location of oil. 

8 Scientific Study. Many protozoa are used in biologic, and medic, researches. A Holotrich. r^ym^ geleu is used 
' in nutritional research. The effects of various foods and poisons have been investigated on this protozoa . 

HARMFUL PROTOZOA 


The protozoa arc harmful in following ways: 
clam-shells. 
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2. Destruction of animals of food valueBio\umcnt&ccnldinoQ»ge\lilcsY\kcNoctiluca»Ti&GonyauIax, when become abundant, 

arc responsible for turning the ocean red. The water becomes foul and cause toxic reaction to molluscs like clam, oysters 
and mussels and they become unfit for eating by human beings. 

3. Destruction of Wooden articles. Some flagellates like Trichonympha and Colonympha live in the gut of termites and help 
in the process of cellulose digestion. In the absence of these flagellates the termites will die or change their diet Thus such 
protozoa indirectly help in destruction of wooden articles and books. 

4. Reduction in fertility of soil It has been observed that about 200 - 300 species of protozoa are present in soil. These protozoa 
feed on nitrogen-fixing bacteria thus reduce the fertility of soil. 

5. Parasitic Protozoa. Parasitism is an association of two organisms in which one organism lives at the expense of the other 
giving nothing in return. The first animal is called parasite and other the host. Parasitism is a specialized mode of life and 
various level of it are found in protozoa. There are two type of parasites on the basis of their survival: Facultative parasites 
are those that can live for various lengths of time without the host The obligatory parasites are those which cannot survive 
when separated from their host. 

Depending upon the nature and degree of intimacy and the placement of the parasites on their beets. There are two types of 
parasitics: 

(A) Ectoparasites. When the parasite lives on the external surface of the host, it is called ectoparasite. A few species like 
Hydramoeba hydrotena (found on epidesmis of Hydra): Costa necatrix found in the epidermal cells of fishes, and Ichthyoph- 
th'rius multifilis, inhibiting in the skin of fishes. They feed on the liquified host cells causing various degrees of cellular necrosis. 
These parasites are transferred directly from host to host 

(B) Endoparasites. When the parasite lives inside the body of the host such parasite is called endoparasite. Following types 
of endoparasites are there depending upon their location: 


!• Coelozoic. When the parasite lives in the alimentary canal or cavities of host body. For example Entamoeba histolytica, 
Giardia lamblia. Balantidium coli etc. 

2. Histozoic. Which occupies space between the host cells. For example young trophozoie of Monocystis lives in sperm morula 
of earthworm. Trypanosoma gambiense lives in the blood plasma of verebrates. 

3. CyUrzoic. These live inside the host’s cell. For examples Plasmodium and Babesia in the Wood cells of hosts. Sarcocyslis 

lives in the striped musdes of host 7 

Effects or Parasitism or the parasite. 

organelles. However, coelozoic forms like Trichomonas, Giardia and Balantidium p<*sc« loccmotorv andlnJ^I ^ ,ngeS ‘ 0ry 
Surplus food is stored as glycogen, volutin granules and chroraatoid bodies i ** gcstory or B* nc >les. 

depending on the availability of oxygen. Some protozoa like Gregarina devdls iTorgandte off"**"*^ 
complicated life-cycle often involving cy«-fonn,Bon end eepid ^ultiplection^ mcro^ony ,„d ° f 

Effects on hosts. 


The parasites are of two types non-patbogenic and pathogenic The n«n _• , . 

on the host. For example Entamoeba coil, Ttichomana* hrmmimi, b-j r parasites have no noticeable ill-effects 

cause ill-effects or diseases to the hosts. none etc. The pathogenic parasites are those which 

Transmission of parasite to other host and its infection. The infrrti™ __ 

parasite from the first host, and second the transmission in th c k , vZ h “ ktS Place m two s,e P s firsl «•« of 
protozoa reach new hosts: M DosL F °U°wmg ways are there in which the parasitic 

1. Active migration This occurs in epizoic parasites of anuuir k , . , . 

host Le. fish and infects the other host 4 0515 C ~ g ' ^Wyophthirius which actively comes out of the 
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2. Direct transfer. This type of infection takes place on coming in contact of the other host e.g. Trichomonas vaginalis etc. 

3. Accidental infection. In this method the new host is infected accidently swallowing of the parasite in the encysted condition 
along with food and water e.g. Coccidia. Entamoeba histolytica etc. 

4. Infection by intermediate host. This takes place in blood-parasites like Plasmodium and Trypanosoma in which a vector 
transmits the parasite through blood sucking (like female Anopheles mosquito, tsetse fly Clossina). The developmental 
stages may or may not be found in the vector. 

5. Congenital transfer. The germinative infection, taking place at or before birth, may occur in several ways as placental 
transfer takes place in case of Plasmodium in man, ovarian transfer as takes place in Nosema in silkworm etc. 

Pathogenic Protozoa 

The disease causing protozoa are called pathogenic protozoa. Such protozoa are met within all the classes of this phylum. 
In man alone, more than 25 types of parasitic protozoa are found. Depending upon the location inside the host body, these are 
divided into various groups. These are: 

1. Parasites of mouth. 


•SET \ 

donovmi 


trichornonu 

vaaMia 


(i) Entamoeba gingivalis. A sarcodine lives in the / 

tartar of teeth and pockets of gums. They probably J r\ Wf 

aggravate pyorrhoea in man. They are also found ^ fl 

in dogs and cals. The human infection is caused by fl 1 

kissin8 ’ Nl# \\ V w /tx yVojo} 

(ii) Trichomonas tenax. A flagellate also lives in pus ^ (f I /*\ \6j/ 

pockets formed between teeth and gums. It causes NS® // k/ 1/ I X/J' 

pyorrhoea. It is transmitted during kissing. enumoeba v) \l \WJ _ 

(Hi) Ltishmanio braulitnsis. A flagellate lives in the 

oro-nasal mucous membrane. It causes espundia. dmuvmi / ]V 

The infection is transmitted to man by the bite of .gg. • A J] 

Parasites of Digestive Tract. if /•( /(•fW K* *Z| 

(i) Entamoeba histolytica. It lives in the colon of /XIA\ U [] fj l • . J \£x)) VO 

man. sometimes in dogs and cats. It causes if if \J \J v 

amoebic dysentery. It may reach liver, spleen. pu»o«iiu* u»opU«m. 

lungs and liver and causes amoebic abscesses. II . « 00 ‘ , " «*' 

Infection takes place by swallowing of cysts. /.linbtu) 

(ii) Trichomonas hominis. It lives in large intestine of 

man. monkeys, cats and dogs. It causes diarrhoea ^ u , Vii1om p,ikoge« Pm****. 
and dysentery. It is transmitted through infective 

<„,) M U lives in large in.esUne allied -roubles. Transmission la b, mean, of 

(iv) cl72Z*~Us. I. lives in .be large in.es.ine of nr.n causing diarrhoea. Transmission uVes pl.ceby tt0 anucle.«d 
cysts with contaminated food and water. 

(v , isopora hominis. I. lives in ft, large intesUne. Some ofte, species occur in dogs and cats. The, cause dusrrhoea and 
' abdominal discomforts. Infection occur by oocysts ihrougb conlammal,on. 

( vi, Sucocys*. U occu. in the muscles of oesophagus of sheep causing weakness of muscles. Transnusslon by cysts. 

(vii) Nosema apis. It occurs in the in.esUne and Malpighian Ubules of honey bee causing Nosemia. 


uiopUima 

■ondii 


(0W 

balanbdiin 


gunhft (-timbtia) 


Fig. 14.1 
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(viii) Balantidium colL It lives in the colon of man causing chronic ciliary dysentery. Transmission is by infective cysts. 

(ix) Eimeria. It is found in the digestive tract of sheep, birds and cattle. It causes diarrhoea to haemorrhage. Transmission 
by oocysts. 

(x) Trichomonas gallinae. It is found in the epithelial lining of oesophagus and crops of fowl, pigeons and turkeys. It causes 
necrotic modules. Transmission through droppings. 

(xi) Histomonasmeleagridis. It lives in the caecum and liver of turkeys and fowls causing black-head disease. Transmission 
by ingesting contaminated eggs of caecal worm. 

3. Parasites of Blood and Lymph. 

(|) Trypanosoma sps. A number of species of Trypanosoma are parasitic in the blood of man and other vertebrates. These 
are: 

(a) Trypanosoma, gambiense. It occurs in the blood of man causing African sleeping sickness. It is transmitted through 
the bite of tsetse fly. Glossina palpahs. 

(b) T. rhodesiense. In man it causes Rhodesian sleeping sickness. It is transmitted through the bite of tsetse fly. Glossina 
morsitans. 

(c) T. cruzi. In early stage it is found in the muscles, heart, brain, spinal cord and in later stages in the blood. It causes 
Chaga's disease in South and Central Africa. Infection transmitted by the bite of bug, Trial oma magista. 

1 (d) T. bruceL It causes nagana disease in domesticated cattles and it is transmitted by Glossina morsitans. 

(e) T. evensu It occurs in the blood of horses, dogs, camels etc. It causes surra disease. It is transmitted by Tabanusfly. 

(f) T. equiperdum. It is found in the blood and germinal epithelium of horses, dogs and donkeys. It causes dourine disease 
in horse. The disease is transmitted during copulation. 

(U) Leishmania sps. It is a parasite of man and other animals. A number of species are there: 

(a) Leishmania donovani. It is found in the endothelial cells of blood and lymph capillaries and leucocytes in the spleen, 
liver, bone marrow and lymph gland causing visceral leishmaniasis or kala-azar. Infection occurs by the bite of sand-fly, 
Phlebotomus. 

(b) L. tropica. It occurs in the endothelial cells of dermal tissues causing Oriental sore or culoneous leishmaniasis in man. 
Infection occurs by the sand-fly. 

(c) L. infentum. It occurs in the spleen of children. It causes enlargement of spleen. Transmission by the bite of sand-fly. 

(ill) Plasmodium sps. A number of species of Plasmodium occur as intracellular parasites in red Wood corpuscles of man 
and birds. The Anopheles female is the vector. These are. 

(a) Plasmodium vivtx. It causes benign tertian malaria. 

(b) P. ovale. It also causes benign tertian malaria. 

(c) P.falciparum. It causes malignant tertian. 

(d) P. malariae. It causes quartan fever. 

(e) P. praecox. It causes malaria in birds. 

(f) P. gaOinaceum. It causes malaria in chickens and pheasants. 

(«v) Babesia sps. Three species of Babesia found in cattles, dogs and horses, these are: 
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(a) Babesia bigemina. It occurs in R.B.Cs. of cattles causing Texas or Red water fever. It is transmitted by the bite of tick 
Boophilus. 

(b) B.equi. It occurs in the R.B.Cs.ofhorsescausing;iiu/u££eandsomctimesparalysisofhind-limbs.Transmissionthrough 
the ticks. 

(c) B. cams. It occurs in the R-B.Cs. of dogs causing malignant jaundice fever. Transmission by ticks. 

(v) Haemoprcteus. It is found in the R-B.Cs. and endothelial cells of blood vessels in birds. 

(4) Parasites of Urinogenltal tract. 

(i) Trichomonas vaginalis. It is found in the vagina of female causing vaginitis (annoying itch and abnormal discharge) 
and in man it is found in urethra. Transmission is direct through inter-course. 

(ii) Trichomonas foetus. It occurs in the urinogenital system of sheep, horse and cattles. It causes uterine and penial 
disorders. Transmission is direct through intercourse. 

(iii) Eimeria truncate. It occurs in the kidpeys of goose and often causes death of the host 
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GENERAL CHARACTERS & CLASSIFICATION OF PQ i UFE RA. . 


Sponges which constitute Phylum Porifera, are the most primitive of the multicellular animals. Neither true tissues nor 
organs are present, and the cells display a considerable degree of independence. All the members of the phylum are sessile and 
exhibit little detectable movement. This combination of characteristic convinced Aristotle, Pliny, and other ancient naturalists 
that sponges were plants. In fact it was not until 1765, when internal water currents were first observed by Ellis, that the animal 
nature of sponges became clearly established. As a result, Linnaeus, Lamarck and Cuvier placed the sponges under Zoophytes 
or Polypes in their systems, regarding them as allied to anthozoan codenterates, and many investigators sought to find in sponges 
the polyp6 they thought must be there, de Blaiville (1816) recognized the lack of affinities of sponges with coelenterates and 
separated them into a group spongiaria allied to Protozoa, but this idea gained little attention, and, through much of the 19th 
century, sponges were placed with codenterates, usually under the nime Coelente rata or Coelcntera or Radiata. Morphology 
and physiology of sponges were first understood by Robert E Gram (1825), who coined the term Porifera ( L . porous - pore; 
ferro ■ to bear). Huxley (1875) and sof/or (1884) proposed the complete separation of sponges from other Metazoa on the ground 
of many peculiarities, but this view did not find its present general acceptance until about the beginning of 20th century. Sponges 
are now recognized as constituting a separated isolated branch of the Metazoa, named Parazoa, after Sollas. 

General Characters 


1. All sponges are aquatic, mostly marine but a few are fresh water. 

2. They are multicellular organisms with cellular grade of body organisation without forming tissues or organs. 

3. They arc sessile, solitary or colonial. 

4. They have asymmetrical or radially symmetrical bodies. 

5. The body is cylindrical, tubular or vase-like. 


6. The body wall is diploblastic with outer dermal epithelium and inner gastral epithelium with a gelatinous non-cellular 
mesenchyme in between. 

7. The body surface bears numerous minute pores i.e., ostia for the ingress ion of water. 


9. Internal skeleton is present in the mesenchyme in the form of calcareous or siliceous spicules™ of proteinons spongw fibres. 

10. Digestion is entirely intracellular. 

11. Nervous and sensory cells are lacking. 

12. All sponges possess great power of regeneration. 

13. They are mostly bisexual but asexual forms also exist. 

14. Reproduction takes place both by asexual and sexual methods. 


.5. Asexual reproduce take, place by budding, fission o, genumrfe formation and sexual reproduction byspemr and 
16. Fertilization is internal and at the same time ft is cre*s fertilization. 


ova. 
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17. Cleavage is holoblastic and development is indirect followed by a free swimming ciliated larva, the amphiblastula or 
parenchymula. 

CLASSIFICATION 

The classification of sponges presented great difficulty, and no one scheme has been unanimously accepted by specialists 
on sponges. The classification is based on the type of skeleton, and this serves to mark off rather sharply two grouj* of sponges, 
the calcareous and the glass sponges. The remaining silicons and horny sponges are. however, less dearly delimited, and they 
arc variously subdivided by different workers. The classification here adopted is that given by Topsent, Wilson and de Laubenfels. 

Phylum Porifera is divided into three dasses : 

Class-1. Cakarea 

The members of this class possess their skdeton composed of separate calcareous spicules made of calcium carbonate (L. 
Caleis « lime; Gr.. sponges = sponge). 

t. Members of this cl.ss .re smsller m size, extending upto 15 cm in length; m.y be solitary or colonial. All are marine. 

2. Shape of body usually cylindrical or vase-like. 

3. Osculum is narrow, terminal and fringed with spicules. 

4. The colour of the body is white or dull-brown. 

5. Skeleton consists of spicules which may be monaxon, trtradiate or tetraradiate. 

6. Collar cells or choanocytes are comparatively Urge. 

7. The canal system is as con. sycon or leucon type. 

Order - (i) Homocoela 

1. Body is small, cylindrical and thin walled without any foldings. 

2. Canal system ascon type. 

3. Spongocoel is lined throughout by choanocytes. 

Examples: Leucosolema. Clathrma. 

Order - (ii) Heterocoela 

1. Body la comparatively bigger, vase-like, thick walled with intend foldings. 

2. Canal system sycoo or leucon type. 

3. Choanocytes are restricted to the flagellated chambers. 

4. Spongocoel is lined by dermal epithelium. 

Examples : Scypha or Sycon. Grantia. 


Class 2. Hexactlnelllda or Triaxonkia 

The members of the class are called gl.ss-sponges having rrioaon or hesnermn/spicules made up of silica. 
Members of this Css are of moderate size, extending up to 1 mete, in long* and are usually aobtary. 

2. The body shape is usually cylindrical, cup-shaped o, funnel-shaped. 

3 . The osudum is wide and usually covered over by a siliceous sieve pl.t. . 


4. The skeleton consists of triaxon or 


hexactinai siliceous spicules, often fused resembling spun glass. 
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General characters A classification of Porifera 

5. Dermal epithelium fa wanting. 

6. The canal system is simple rhagon type. 

7. The cboanocyte cells axe restricted to finger-like flagellated chambers. 

8. They are exclusively marine and occur chiefly in tropical deep sea water. 

Gass Hexactincllida is divided into two orders: 

Order (i) - Hexasterophora 

1. The beautiful glass-like body is cylindrical, very light and attached to the aobatratum directly. 

2. The spicules are hexasters having star-like appearance. 

3. The flagellated chambers are radially and regularly arranged. 

Example : Euplectella (Venus’s flower basket). 

Order (U) - Amphidiscophora 

1. The body is usually rounded or oval and attached to the substratum by root tufts. 

2. The spicules are amphidiscs having a convex disc, bearing a crown of backwartfly directed marginal teeth at both enda. 

3. The flagellated chambers are irregularly arranged. 

Example : Hyalonema (Glass rope sponge). 

Class 3. Demos pongiae 

This class comprises diverse and complicated sponges with skeleton of siliceous spicules or spongin fibres or a combination 
of both or totally absent (Gr., demos ° frame; spongos ° sponge). 

1. Members of this class are highly organised, varying from small to large size and may be solitary or colonial. 

2. The body shape b variable being rounded, oval, cup-like or funnel-like. 

3. The skeleton is made up of sflteious spicules or spongin fibres or both. The spicules are monaxon or tetraxon. 

4. Canal system is complicated and leucon type. 

5. Choanocytes are restricted to small flagellated chambers. 

6. They are mostly marine but few sponges are fresh water. 

Gass Demos pongiae is divided into three sub-dasses : 

Subclass-1. Tetractinelhda 

1. Body is rounded or flatenned. 

2. Sflicious spicules, if present are tetraxon, or absent 

3. Spongin fibres are absent 
Order (i) Myxospongia 

1. Spicules are absent • 

5- Body surface is velvet-like 
Example: OscareUa. 
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Order (it) Camosa 

1. Homogenous leuconoid structure. 

2. Spicules are of equal-size. 

Examples : Chondrilla, PlaJdna, Halina. 

Order (iii) Choristida 
1. Body form is usually elaborate; 

2. Both small (microscleres) and large (megasderes) spicules are present 
Example : Geodia, Ancoria. 

Subclass-II, Monaxonida 

1. Body form variable, occurring in shallow and deep water. 

2. The skeleton consists of monaxon spicules distinguished into megasderes only. 

3. Spongin fibres may or may not be present 
Sub-class Monaxonida is divided into four orders: 

Order (i) Hadromerina 

(i) Megasderes are mostly tylostyles i.e. the broad end a knobbed. 

(ii) Microscleres are usually absent and if present, are star-like. 

(iii) Spongin fibres are absent 

Examples : Cliona (Boring sponge), Suberites, Poterion. 

Order (ii) Halichondrina 

(i) Megasderes are always of more than one kind. 

(ii) Microsderes arc usually absenL 

(iii) Spongin fibres are present but they are very scanty. 

Example : Halichondria. 

Order (iii) - Poecilosclerina 

1. Megasderes are usually of two or more kinds and united by spongin fibres into a regular network. 

2. Microsderes may be curved, bow-shaped or C-shaped. 

Examples : Myxilla, Microciona. 

Order (iv) - Haploscerina 

(i) Megasderes are always diactinal and pointed at both ends. 

(ii) Microsdcrs may or may not be present 

(iii) Spongin fibres are usually present 
Examples : Chalina, SpongUla (fresh-water). 
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Sub-Class 3, Keratasa 

(i) The body form is usually rounded and massive with a leathery surface and dark colour, occurring generally in warm shallow 
water. 

(ii) The skeleton is exclusively composed of s pong in fibres. 

(iii) The spicules are totally absent 

Examples : Euspongia (Bath sponge), Hippospongia (Horse sponge). . 

CLATHRINA 

Phylum - Porifera 

Gass • Cal cares * 

Order - Homocoela 

Genus - Clathrina 

1. It is a simple, marine sponge attached to the hard 
substratum. 

2. It is sedentary sponge with a free eod containing 
osculum. 

3. The surface is perforated by minute apertures called 
ostia, through which the water enters the body. Canal 
system asconold type. 

4. Skeleton consists of calcareous spicules which are 
triradiate with equal rays. 

5. Choanocytes lines the spongocoel. 

6. Dermal membrane or cortex is lacking. 

7. Development includes a parcnchymula larva and the so called olynthus stage. 

GRANTIA 



Phylum 

Gass 

Order 

Genus 


Porifera 

Calcarea 

Heterocoela 

Gramm 


1. It is a small, solitary or colonial, marine sponge. 

2. It as found in the Gulf of Sl Lawrence. 

3. The body is complex vase-like. 

4. Each cylinder bulges in the centre and opens to the exterior by an osculum. 

5. The osculum is encircled by a fringe of large giant monaxon spicules forming 
oscular fringe. 

6. The body surface is covered by the dermal membrane forming a cortex of 

varying thickness having special cortical spicules. The spicules are tangential 
radiate. ™ 

7 . Body wall b composed of outer dermal epidermis, middle 

inner Date need epithelium lining the spongocoel. ■'■'■■jure and 



cylindrical 

body 


— la ui 


,Fig.iM o«a« 
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8. Canal system issycnoid. 

9. Choanocytes are restricted to the radial canal, and the Qagella arise directly from nudeL 

10. Bisexual. Reproduction by asexual and sexual methods. Asexual reproduction by budding and regeneration. Sexual by 
gametes. Larva is an amphiblstula. 


The classification is the same as that of Grantia. 


1. It is a small, marine and solitary sponge. 

2. It is found in Europe and U.S.A. 

3. The body is somewhat globose in shape as the anterior region is narrow and the 
posterior region is broad. 

4. The osculum is situated at the anterior most end and is surrounded by oscular fringe 
of monaxon specules. 

5. The spngocoel is narrow while the body wall is quite thick. 

6. Canal system is primitive leuconoid type. Each radial canal is subdivided into 
elongated flagellated chambers grouped around a common excurcent canal. 

7. The skeleton is of inarticulate type. 


Ltucila 


LEUCANDRA 


The systematic position is the same as the of Grantia. 


flagellated 

ebambera 


body 

•piculca 


1. It is a small, marine and solitary sponge. 




General characters A classification of Porifera 


2. Body b globose in shape. 

3. Body wall is thick. Osailum is situated at the anterior end and is surrounded by oscular fringe of monaxon spicules. 

4. Dermal skeleton is formed of tangentially arranged triradiate spicules which may sometimes develop an apical ray. 

5. The flagellated chambers are small and spheroidal. 

OSCARELLA 


Phylum 

- 

Porifera 

Class 

- 

Demos pongia 

Subclass 

• 

Tetractinellida 

Order 

- 

Myx os pongia 

Genus 

. 

Oscarella 


1. It is found in shallow water forming encrustation over the rocks and submerged 
objects. 

2. It occurs in British water. 

3. It is a bright coloured small sponge whose upper surface is lobulatcd. 

4. The canal system b leu conoid type. 

5. The lobules are covered with thin dermal layer. Each lobule contains ex current 
canal surrounded by flagellated chambers and the depression between the lobules 
bouse the moment canal. 

6. Skeleton is absent Le. the spicules are completely absent 


■ abitrat 



CHONDRILLA 


n*. 

Phylum 

• 

Porifera 

◦ass 

- 

Demosponga 

Subclass 

- 

Tetractinellida 

Order 

• 

Carnosa 

Genus 

- 

Chondrilla 


OtcmnOm 


1. It is marine sponge found in British water and U.SA. 

2 . The entire body looks like a rounded mass hence commonly called 
chicken-liver sponge. 

3. The body remains attached to rocks etc 

4. Free surface contains few osculae. 

5. Body surface is smooth, but mesogfoea is thick and stony dse to 
spberastess. 

6. Canal system b Icucoooid type 

7. The spberastm found in cortex between the 
developed while other spicules are absent 




and are well 

CUONA 


mmSm 

n*. 15.6 


Ckom+UU 


Phylum 

Class 

Subclass 


Porifera 

Demosponga 

Monaxanida 
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Order 

Genus 


Hadromeria 

Cliona 


caps of coni 


1. It forms low encrustation on rocks, mollsc shells, coni skeleton and other calcareous 
objects. 

2. It is cosmopolitan in distribution. 

3. It is commonly called ‘Boring sponge* or ‘Sulphur sponge*. 

4. It is light yellow in colour but may be green or purple, and forms a mass upto 20 cm 
in diameter. 

5. It enters the interior of above animals and lives permanently there, forming extensive 
burrows and tunnels. 



Fig. 15.7 


6. Each tunnel has a raised osculum. 

7. Monaxon spicules form the skeleton of the individual. 

8. Sexual reproduction by the formation of gametes. Development indirect through a larval stage. The larva grows into a 
compact mass. 

9. It has sulphurous odour hence commonly called sulphur sponge. 

POTERION 

The systematic position is the same as that ot Cliona. 

1. It is a solitary, marine and boring sponge. 

2. It is found in the gulf of Mexico and off coasts of North Carolina. 

3. It is commonly known as 'Naptune's goblet*. 

4. The shape of body is cup-like with a base. The body remains fixed to the 
substratum by base. 

5. The incurrent apertures are present on the outer surface while excurrent 
apertures on the inner surface. 

6. The skeleton is formed of tylostyle (mooaxon) spicules. 

7. Osculum at the anterior end is very large. F '« 15 8 P**™ 

8. It is supposed to be one of the largest sponges, measuring 1-2 metres in bight. 


TETHYA 

The systematic position is the same as that of Cliona. 

1. It is a marine sponge inhibiting deep seas. 

2. It is a rounded sponge. 

3. Body surface tuberculate with radiating bundles of monaxon spicules and 
several exasters. 

4. The styles have indistinct tylote ends. 

5. S pong in fibres are absent 



bate 



lobcrclei 


Fig. 15.9 TtiMyo 
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HALICHONDR1A 


Phylum 

Class 

Subclass 

Order 

oitii Metli Genus 



Fig 15.10 Hrt'uhondna 


Porifera 

- Demospongia 

• Monaxonida 

- Halicbondrina 

- Halichondria 

1. Ii is a colonial sponge. It forms low encrustations on rocks In 
shallow waters. 

2. It is cosmopolitan in distribution. 

3. It is commonly called the cnimb of ‘breed sponge’. 

4. It is soft and yellowish or green or brown in colour. 

5. The surface presents one or more large rounded openings called 
oscula. 

Skeleton consists of oxeas lying withouliny arrangement. 



MICROCIONA 


Porifera 

Demospongia 

Monaxonida 

PoedJosderina 

Microciona 


found in shallow water as a soft, thin 
eous objects with ascending lobes. 


3. In deep sea water the colony becomes massive. 

4. It is bright red in colour. The animal comprises of sever* 

5. The spicules are of various forms and united by spongin : 

6. The animal is used in regeneration and reassociation ex 
tremendous capacity to reassociate and regenerate. 

7. Sexual reproduction by gametes. Development through a 
in early August 


CHAUNA 

Phylum 

Class 

Subclass 

Order 

Genus 


Porifera 
Demospongia 
Moxaxonida. 
Haploscerina 

Chaioia 


1. Chalina is commonly called Dead man 
or red in colour. 
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1 . 

2 . 

3. 

4. 

5. 

6 . 


1 . 


General characters A classification of Porij‘era 
It is found in Europe, common from Rhode Island to Labrador. North Carolina to Cape Cod. 

It is much branched and each branch looks like a finger, so also called mermaid’s glove. 

Each branch is perforated by numerous openings or oscula. 

Canal system is leucon type. 

Monaxon siliceous spicules embedded is spongin fibres constitute the skeleton of this animal. 

Asexual reproduction by budding and sexual reproduction includes a free-swimming larva. 

SPONGILLA / 

The classification is the same as that of Chalina. 


Spongilla is a colonial fresh-water sponge found attached to submerged sticks and plants of ponds, lakes and streams. 

It is cosmopolitan in its distribution. It is found 
mainly in Atlantic, European and American 
waters. 

Siliceous spicules form the skeleton. The 
spicules are oxeas, embedded in spongin. 

Canal system rbagon type. 

Highly branched colony with numerous oscula. 

Asexual reproduction by budding and gcmmule 
formation; sexual reproduction also occurs. 

Gcmmules are protected by the ampbidisc 
spicules. 



Fi*. 13.13 SpcgdU 


EPHYDATIA 


The classification b the same as that of Clio no. 

It b a greybb or greenish fresh water sponge found in dear 
water in rivers, ponds and streams. 

It b found in Vancouver Island, Eastern and Central States. 
The body consists of delicate tubes each bears an osculum. 
Surface b perforated by several Urge oscula and minute pores 
the osiu. 

The green colour of animal b due to the symbiont zoochloreL 
lae. 

Asexual reproduction by gcmmules. 

EUSPONGIA^ 



outgrowth* 

Flf. 15.14 Ef&ydatio 


Phylutji 

Class 

Subclass 

Genus 


Porifera 

Demospongia 

Kcratosa 

Euspongia 


It b found in shallow water on rocky bottom. 


I 
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2. It has cosmopolitan distribution. 

3. It is commonly called‘bath sponge’. 

4. It forms a large brownish more or less spherical mass covered by a dark, non-living 
lathery membrane of spongin. 

5. The surface bears small projects, the conules, supported by stiff spongin streams. 

6. The body surface conta ins large openings called as oscula, and small openings called 
inhalant canals. 

7. Internally the sponge resembles a liver in both consistency and colour. 

8. It is unisexual and males are rare. 

9. Skeleton is made of only spongin fibres. Spicules are absent Many small worms and 
crustaceams live inside it as commensals. 

10. It can live upto 50 years. 

11. It is commonly used in bathing, washing automobiles, furnitures, applying face 

Fig. 13.15 EuMpomgU creamsetc. 

HIPPuSFONGlA 

The classification is the same as that of Euspongia. 

1. It is a homy sponge found 9-16 meters deep. 

2. It is found in Mediterranean West Indies and common in Florida. 

3. Body is massive and permeated by large, often cavernous canals. 

4. Body is covered by a dark and dead membrane provided with numerous flagellated 
chambers. 

5. Body surface is raised al several places besriug oscula. A single sponge is nude up 

of few to many individuals, provided with few 

to many oscula. 

6. Skeleton is made up of spongin only, spicules 
being absenL 

7. It grows very Urge and may live for 50 years. 

8. It harbours several small commensal crus tan cca ns and worms. 

HIRCIN1A 

The classification is the same as that of Euspongia. 

1. It is a marine and sedentary sponge. 

2. It has world-wide distribution. 

3. It fa commonly called horny sponge. 

4 * COnsldc " b,e Size and rounded m»«ive form. Body surface contains 

5. The body colour fa due to presence of symbiotic blue-green algae. 

6. The canal system fa drplodal Ieucon type. 

Fig-15.17 HinUu, 
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keif ton consists of spongin fibres only. 


x)*cular ueve 


p*nei«l »M>« 


root 

spicules 


EUPLECTELLA 



Phylum 

- 

Porifcra 


Class 

- 

Hexactincllida 

:‘Kv9| 

Order 

- 

Hexasterophora 

•■**•*» 

Genus 

- 

Euplectella 


Species 

- 

aspergillum 


I. It is a deep sea form found near Philippine islands and has become curved due to 
slow water current. 


L2. It is commonly called Venus' flower basket and is a beautiful glass sponge. 

*' is made of sflic eous spicules which are held together by siliceous cement 

resulting in a beautiful basket-like structure. 

Fig. 15.18 Elupterietta 4. The curved upper end of the body is closed by an oscular sieve. 

5. From the base arise root spicules which are long siliceous threads which fasten the sponge to its unstable slimy substratum. 

6. The spongocoel contains a pair of Crustacea (Spongicola) which bad commensal life throughout their life. For this reason 
Euplectella is a beautiful presentation for newly manied couple in some countries. 


HYALONEMA 

Phylum - Porifcra 

Class - Hexactincllida 

Order - Ampbidiscophora 

Genus - Hyaloncma 

1. It is a marine sponge found along new England coast 

2. It is commonly called as 'glassrope sponge'. 

3. It has a spherical or oval about 30 cm long body fastened in the mud by a 
root-tuft of long twisted spicules. 

4. The spicules continue through the body as an axis or columella and often 
project above it as the gastral cone. 

5. The gastral cone bears openings of the cxcurTcnt canals. 

6. The surface may be depressed to enclose a cavity, the spongocoel, or may be 
flat in which case there is no spongocoel and the excunent canals open out 
directly. 

7. It possess large ampbidisc spicules like fresb-water sponges. Entire body 
contains small, branching, six-rayed spicules. 

X. The flagellated chambers are arranged radially and in parallel planes in the 
sponge wall. 

9 Some anemones live attached to the root-tuft and certain crustaceans live 
inside the body as commensals. 

PHEKONEMA 

The classification is the same as that of Hyaloncma. 
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1. Il is found on the bottom of sea. It occurs in U.fC, U.S.A. and Europe. 

2. It has a cup or bowl-shaped body. 

3. Body thick-walled with a large spongococl, which opens above by an osculum. 

4. Osculum is guarded by spicules or marginal prostals. 

5. Glassy spicules project from the body surface, often in tufts called the pleural prostals, giving the appearence of glass wool. 

6. Skeleton consists of amphidisc microsclers. 

7. Canal system is of eurypylour leuconoid type. 

8. Broad, ill-defined root-tufts made of silica, which arc joined and serve for attachment to the substratum. 



Fig. 15.20 rhmema 
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LEUCOSOLENIA - AN ASCONOID SPONGE 


Leucosolema is one of the most simple sponge, growing in the sen-shore water. It belongs to the family Leucosolenidae. It 
is an asconoid sponge which resembles very much with the olynthus stage, found in the life cycle of certain other sponges like 
Scypha , as such it is also referred to as olynthus type. Near about 100 species have been recorded uptil now, out of which L. 
complicate L. botryoides, and L. variabilis are quite common. The description given below is the general one and is applicable 
to all the species. 


SYSTEMATIC POSITION 


Phylum 

Cass 

Order 

Genus 


Porifera 
Calcar ea 
Homococla 
Lcucosolenia 


HABITAT 


Leucosolema is a small marine sponge. It occurs almost all over the world in shallow water below low tide mark on rocks, 


stones and warfs. Though frail, it prefers places 
with intense wave action to calm waters. The wave 
action ensures adequate food supply and well- 
oxygenated water. 

HABITS 

Leucolosenia is a colonial sponge. The colony 
is permanently fixed to the substratum. It feeds on 
microscopic animals, plants and organic particles. 
Digestion is intracellular as in Protozoa^ 
Reproduction occurs both asexually and sexually. 
Life-bistory includes a free-swimming flagellated 
larva for dispersal/The sponge is very sensitive to 
external conditions and dies if removed from its 
habitat It has a good degree of power of regeneration!) 


oiculor 


bad* 


oacula 



Fig. 16.1 Type* of UveoselmiJ A Sli 

Rctfcakfc. 


»pk. B—Bnackiag, C— 


STRUCTURE 


Types of Leucosolenla 


A - Simple 
B - Branched 
C - Reticulate 
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Leucosolenia - an asconoid Sponge 
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otcalur 


iriradiaic 

■picnic. 



Fig. 16.2 LnxoioleiJo-A pan of (lie 


Shape and size. The colonies of Leucosolenia consist of numerous 
cylindrical structures each of which is a complete animal. It is a radially 
symmetrical animal.)*!! the cylinders of the colony arc attached to each 
other at the base due (o which the colony appears as a thick branched 
bush-like structure. JEach cylinder is about 25 mm long and whitish or 
yellowish in colour;' - 

£.Jpie cylinders of Leucosolenia are radially symmetrical thin 
walled tubes which represent the Olynthus stage. In the centre of each 
cylinder is a cavity called spongocoel which opens to the outside by a 
large aperture known as osculum. The wall of the cylinder is perforated 
by numerous pores which are intracellular and called incurrent pores 
or ostia. They lead into the spongocoel/ 

Qlie porocytes are extremely elastic and close the ostia by con- 
tracting)Tbe water current reaches the spongocoel through the ostia. 
The spongocoel is lined with choanocytes.(hie water of the spongocoel 
is expelled out through the osculum by the movement of the flagella of 
choanocytes. therefore, the structure of Leucosolenia is very simple./ 


BODY WALL 

^Thc body wall is thin with an outer epider¬ 
mis or pinacoderm and inner endodermis or 
choanoderm with a non-cellular mesenchyme or 
mesogloea in between)The wall is perforated by 
numerous pores throdgh which water enters* the 
spongocoel and passes out through osculum. 

1. Pinacoderm : The outer layer consists of a 
single layer of thin, scale-like, flattened cells 
called the pinacocytesS The cells have thin 
margins and a bulging central part with a 
nucleus. The margins show contractility so 
that the sponge can increase or decrease in 
size to some extent 

(Specially, large and tubular porocytes are 
also present which are supposed to be 
modified pinaoocytes/Each porocyte has a 
central canal-like sfuce which communi¬ 
cates with the exterior through ostia or der¬ 
mal pores./Internally, they open into the 
spongocoel. The ostia are regulated by 
myocytes which form circlets around the 
openings. / 

2. fchoanoderm: It consists of a single layer of 
Vflagellated cells or choanocytes which line 
the spongbcoel. A choanocyte cell 
resembles the choanoflagellate protozoa*. It 
is an ovoid cell/ its free end bearing a 
-transparent contractile collar which sur¬ 
rounds a single long flagellum arising from 
a basal granule. The nucleus lies at the centre 


Pioacocytei 


Trirtdi.ee 

■picnic. 


Oiculu ipiculci 


Hpidermi. 

(pinacoderm) 



Meienchymc 


O.liui 


Gatlrodenaii 

(choanoderm) 






of ihc cell. These cells are used in feeding and 
for ensuring ihe flow of water within the 
animal's body) 

3. Mesenchyme or Mesogloea : Mesenchyme lies 
between pinacoderm and choanoderm. It is a 
thin gelatinous layer secreted by the 
choanocyted) and holds the spicules in spaccj 
Within the mesenchyme lie freely wandering 
amoeba-like, amoebocytes and the spicules. 

The large primary amoebocytes with blunt 
pseudopodia and large nuclei are called ar- 
chaeocyies, which arc self replicating and give rise 
to all other types of amoebocytes. They also produce 
additional pinacocytcs and cboanocytes and the 
scicrobiasls which form spicules and the reproduc¬ 
tive cells. The arcbacocytes carry on all the 
physiological activities of the sponge. 

A 
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choaoocyua 

(choanoderm) 


Leucosolenia - an asconoid Sponge 


pmacocylei 

(pinacoderm) 


teteochy 


triradiaic 

spicule 


OSH 


amoebocytes 



Porocytei 


Fig. 16.4 LeutOfUniillS. 

~ - - “ - - 

in the mesohyl but protrude out of the body to give roughness to the body^, 

H,° 

PHYSIOI.OGY 

The sponges being fixed animals are quiet 
and inactive-looking animalf(Their physiology 
is mainly drawing a current of sea-water into thejr 
bodies. 

The movement of the flagella of collar cells 
create the force, which draws a current of sea¬ 
water through the numerous dermal ostia into the 
spongococl. The current brings with it minute 
organisms that constitute the food of the sponge. 
Flagellum of the collar cell stirs the food par¬ 
ticles. which slowly settle down on the surface oi 
the collar and over its basal paSmall pscudo- 
podia-likc processes of the basal part engulf the 
particles and form food vacuoles. Part or whole 
of the digestion takes place in the basal part anil 
ihc products of digestion arc then passed on to the 
amoeboid cells of the mesohyl. where digestion 
is complcicd- Digested food is transported to 
other parts of the body as the mesohyl cells move 
away.}Amoebocytes pick up food P« r, « c «* 
directly. Such amoebocytes arc located along the 
course of the canals in higher sponges/Und.gcs- 
tible material is thrown off into the spongoc<» 
or into the space within the collar. Food is stored 
by specified amoebocytes termed ihesocyiej 


Choanocytee 
engulfing food 

Nulrilioo 


AmoebocyiM 
receivu pa/tJy 
digested food 
from cfcoooocytcj 


Onia 



Respiration 


NH, (eacmioo) 


Pinacoderm 


■piculci 


Fig. 16.5 


Flow of wafer ihioogk ibe body 



Leucosolenia - an asconoid Sponge 


(Water current not only brings food with it but 
also maintains a supply of fresh and oxygenated 
watcAOxygen diffuses into the cells with which the 
sea-water comes in contact. The water current 
leaves the spongococl through the osculum and 
carries with it undigestible material, excretory 
products and carbon dioxide. 


( Otculun 


Blaiiococl 


Flagellated layea 


(Sponges do not have nerve cells or sensory cells 
but arc able to respond to the changes in salinity 
illumination and mechanical contact.) 


Archacocyic 


The food of the animal comprises the micro- .TviX 

scopic animals, plants, and organic particles which >2sfu 

are taken into the spongococl along with the water |3|| 

and captured by the cboanocytcs from the moving 
water. In the cboanocytcs the food is partially 

digested and then this food is passed on to Aft 

amocbocytcs i.c. Irophocytcs where complete ** 

digestion lakes place.tThesc evils then distribute the Amocbocyict i 

digested food front cell to cell.Digestive enzymes, 

however, are more common in the cboanocytcs than f %. 16.6 Sugo >b ike Jockipmrei ot l ru,oioU,„a 
they are in the amocbocytcs (Hartman I960). 

Cgcsted waste is dropped by the amocbocytcs into the water current.) 


Spiculcii 


RESPIRATION AND EXCRETION 


Gaseous exchange of oxygen and carbon dioxide occurs between the amocbocytcs. cboanocytcs and pinacocytcs and the 
water flowing through the canal system. Similarly nitrogenous wastes arc voided. 


LOCOMOTION 

( The sponges a re fixed as such they are incapable of ntovetnen^However, the po.ocy.es can be opened and closed according 
to the needs, and the amocbocytcs can also move freely within tb6 mesenchyme. 

BEHAVIOUR 

activities of other s„uc,u,es( Induced prolonged contraction may cause the spot*c to bunt, indtaSg IW, ^t'n'.t'TnJ 

REPRODUCTION 

Leucosolenia reproduces both by asexual and sexual means. 

(a) Asexual reproduction. Asexual reproduction takes place bv external c 

Irom the sides of the erect branches well as from the upper surface of ih k * Sm * oul 8 ro y ,,hs ' called the buds, arise 
attaining sufficient size, acquire osculum at their top, thus forminfi new inrtiuiri* V)^? 1 brancb€5 \The buds grow and. after 
colony and add to its size or become free by death and decay ofold mm . ° C * ,,cr ra *y rem *«n attached to the parent 

/ u pans and torm new colonies. 

(b) Sexual reproduction. The sexual reproduction occurs by sperms and ^ 

in Leucosolenia and Scypha and will be described in the latter. Oamete formation and fertilization are similar 
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Leucosolenia - an as conoid Sponge 


Zygole undergoes holoblastic cleavage and gives rise lo an oval embryo called the coeloblastula. The laner is composttfof 
a single layer of columnar flagellated cells with a few rounded, granular, non* flagella ted cells at the posterior polc-rfhe 
non-flagellated cells are thought to be the arcbaeocytes which will produce all future archaeocyles of the spongi. Some adjatent 
flagellated cells lose flagella and also migrate into the cavitjj. The embryo now consists of an outer layer of flagellated cells and 
an inner mass of amoeboid cells. It is known as the siereogasirula or parenchymula.J[\ makes its way into the spongocoel and 
escapes through the osculum into the surrounding water, thus becoming a tree-swimming larva. 


The parencliymula larva swims about freely for a few hours, going away from the parent sponge. Finally, it fixes itself to 
some object by its anterior pole and flattens ouL^The internal amocbocyes migrate to the exterior and spread out to form a dermal 
layer or epidermis and mcscnchyme^h* flagellated cells, which get enclosed by the epidermis, change into cboanocytes^A 
central cavity or spongocoel ^opears and gels lined by choanocytes.^An osculum breaks through at the top and incurrent pores 
or ostia appear in the porocytcs)that differentiate in the wall of the sponge by Ibis time(Scleroblasts shift from the epidermis into 
the mesenchyme and start secreting spicules. This results in a small sponge and takes only a few days.^ 
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SCYPHA (SYCON) 


SYSTEMATIC POSTITON 


Phylum 

Gass 

Order 

Genus 


Pori fen 
CjI circa 
Hcterocoela 
Scypha (Sycon) 


HABITS AND HABITAT 

Scypha is more complex than Leucosolenia. Leucosolenia shows primitive as- 
conoid type of structure while in Scypha, there is folding of body wall to show syconoid 
type of structure where the spongocoel b reduce^ Scypha b a small, marine sponge 
found attached by a sticky secretion to some submerged solid objects like rocks, shells 
tJT molluscs and corals; It b found in shallow water upto a depth of 100 meters where 
waves provide the animal with plenty of food and well oxygenated water. It has many 
species and is widely distributed but b best, known from North Atlantic shores. It may 
be solitary but also forms a cluster or colony by budding. 

EXTERNAL MORPHOLOGY 

Scypha or apycon possesses a vase-shaped and radially symmetrical body which 
measures from 1 to 3 cm in length. The colour b not specific but varies from grey to 
light brown. Near the attached end are found a few small tubular projections, or the 
buds, which are formed not so extensively as in Leucosolenia or other asconoid sponges 
The free end of the vase-shaped individual bears an opening, the asculum (exhalem or 
po^ which is hinged with long, slight, ncndlclik. nonouon spicnlcs. 

This oscular fringe checks small animals from rnifp n » .. yv. body Mtrf 

b thrown into regularly arranged polygonal elevations from which project spear' li£ 171 •**•&**•) 

cavity, through a system of canals. ™ c#vi *y» spongocoel or para gastric 

CANAL SYSTEM 

As in other sponges, Scypha has the peculiarity of having canal 
canab. The body b traversed by numerous canals of sevaaltypes. ^' 5 ^ COmpIcx of Ports and 

arranged alternating invaginations and evagmations. forming sveon i “ “ d foIdcd 50 « form regularly 

system of Sycon are given below. ^ ^ 01 c * rul The different components of canal 

1. Ostia or dmaal pores. The external large openings of t*. _— 

pore-membrane. It bears two or more openings for the ingress of oubkfcUT *! relCbed OVcralhin membrane, called the 



known as ostia (L., ostium, door) or dermal pores. Because 


°f the presence of contractile cells 


into the body of sponge. These pores are 


the myocytes, around them 
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Scypha (sycon) 


the ostia can reduce in diameter and thus regu¬ 
late the amount of ingressing water. 

Incurrent canal. The incurrent canals are nar¬ 
row and almost squarish in cross-section. They 
end blind at their inner extremities, a little dis¬ 
tance away from the spongocoel. Externally 
they become somewhat dilated. The dilated part 
of each canal is closed externally by a thin 
pore-membrane that bears 3 or 4 minute open¬ 
ings. the dermal ostia, already referred to. The 
pore membrane also contains myocytes, some 
of which surround the dermal ostia and serve to 
close them when necessary. The incurrent 
canals are lined by flat pinacocytcs similar to 
those lining the spongocoel. 

Radial canals. The radial canals are relatively 
wide and are polygonal in cross-section. They 
are closed at their outer ends which lie some 
distance inside the polygonal surface eleva¬ 
tions. Internally they open into the excurrent 
canals by apertures called apopyles. An apopyle 
is a large circular opening in the centre of a thin 
partition, the diaphragm, that stretches between 
the adjoining radial and excurTcnt canals. It can 
be contracted or dilated by myocytes that border 
it. The radial canals are lined by a layer of 
loosely arranged, flagellated, collar cells known 
as the choanocytcs. The latter resemble the 
choanoflagellatc Protozoa. A cboanocyte is a 
somewhat oval or rounded cell that contains a 
nucleus and one or more vacuoles and bears at 
its inner end a long, whip-like, vibratile flagel¬ 
lum partly surrounded by a delicate, 
transparent, contractile collar. The collar is 
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formed by sidc-to-side fusion of 20-30 processes from the cell. The flagellum arises 
from a prominent organelle, the centroblepliaroplast, situated within the cell. It is a 
combination of the ccnlriole and the blepbaroplasL It is connected by a thread, the 
rhizoplast with another organnclle, the parabasal body, lying on the nucleus. The 
incurrent canals communicate with the radial canal by short narrow channels called the 
prosopyles. 

4 Prospyles. The incurrent canals are communicated with the radial canals through 
intercellular spaces, called prosopyles (Gr.. pros, near ♦ pyle. gate). Some authors are 
of view that in the young Sycon these openings are those of the porocytcs. as in 
Leucosolenia, but in adult the porocytcs degenerate leaving the empty spaces or the 
prosopyles. 

myocytes. 
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Scypha (sycon) 


In the lining of the incurrent canals, some of the pinacocytes are modified lo 
form tubular cells, tbc porocytes. connecting the incurrent canals with the radial 
canals through their intracellular channels, the prosopyles. The porocytes are 
thin-walled cells, open at both ends and with the nucleus present in the peripheral 
cytoplasm. As has already been noted, the porocytes in the adult sponge are lacking 
altogether. Pinacocytes surrounding the osculum, outer or dermal ostia and inner 
ostia or apopyles arc elongated and contractile and act as muscle cells, called the 
myocytes. They form the sphincters around them to regulate these openings. 

2. Choanoderm 

This is tbc endoderm that forms the gastric epithelium and consists of flagel¬ 
lated collar cells or cboanocytes. They are oval or rounded cells arranged upon the 
mesenchyme. Each cell contains a single nucleus, one or two contractile vacuoles, 
food vacuoles, reserve food, blcpbaroplast. rbizoplast and a single basal granule or 
kinctosomc from which whip-like flagellum arises. The flagellum is surrounded at 
its base by a thin cytoplasmic collar. The flagellum has two central fibrils and nine 
double peripheral fibrils. The collar of the flagellum is contractile and is made up 
of a ring of erect and closely set microvilli which project from the cell. The 
cboanocytes line the radial canals or flagellated chambers. The movement of these 
flagella causes a current of water. 

3. Mesenchyme 

The mesenchyme which fills the space between the two body layers is 
composed of a thin gelatinous matrix which contains many kinds of amoeboid cells 

such as : Fig. 17.6 Ultra Street arc of a CkoaMocyU. 

(i) Collencytcs - Star-shaped cells which are sometimes united lo form a 
network. 

(ii) Chromocytcs - Pigmented cells with lobose pseudopodia. They probably impart colour to the sponge. 

(iii) Tliesocytes - Cells with lobose pseudopodia and are laden with reserve food material. 

(iv) Scleroblnsts - These secrete the spicules. 

(v) Trophocytes - They are loaded partly or completely with digested food. They serve to transfer food from one place to 
another. 

(vi) Phagocytes - These cells collect food from tbc cboanocytes through their pseudopodia and also engulf excreta and 
damaged tissues. 

(vii) Archaeocytes - or undifferentiated embryonic cells that give rise to sex cells. 

. (viii) Lophocytes - These arc amoeboid cells with a tuft of fibrils at one or both ends and occurs in connection with the 
pinacocyte epithelium. Its function is unknown but it may secrete fibrillar bundles. 

(ix) Desmocytes - They arc long slender cells lying at the basement of the canals. 

(x) Gland cells - They arc derived from amoebocytes and secrete mucous. 

(xi) Germ celb - Some of the amocbocytec (archaeocytes) differentiate into sex cells i.e. ova or sperms. However, in some 
sponges, they arc said to be modified cboanocytes. 

(xii) Myocytes - Around the apopyles, osculum. and ostia are also present a number of narrow elongated highly contractile 
cells, the myocytes. 

The mesenchyme also contains the spicules which are monaxonic and triradiatc in form. These serve to strengthen the body 
and bold it up right 
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cyloplaim 


SKELETON 

The skeleton of Sycon consists of calcareous spicules having 
:rystalline appearance which supports and protects the soft parts, 
rbey have an axis of organic materia! around which is deposited 
he inorganic substance i.e. cakium carbonate or hydrated silica. 

The spicules are secreted by sderocyte cells and each ray of the BOcleM 

spicule is said to be secreted by two such cells. The sderocytes are 
in their turn produced by scleroblast cells. Spicules of Sycon show 

a variety ofshapes and sizes and have a particular arrangement with c * °p •'« 

regard to their canal system. The following arc the main types of /$ 

spicules: ( $ 

(i) Large single rayed, needle-shaped monaxon spicules ar¬ 
ranged in a circlet around the osculum. (ii) Simple spear-like 
monaxon spicules projecting from dermal cortex opposite the outer 
ends of the radial canals, (iii) Triaxon or three rayed spicules are 
present along the radial canals with their one end pointing towards 
the distial ends of the canals, (iv) Four rayed, letraxon spicules are Fig |7 7 s 
present in the thick gastral cortex alongwith triaxon spicules and 
surround the spongocoel. Thus the long monaxons surround the osculum in the 
form of oscular fringe while the short monaxons lie parallel to the radial canals. 
The triradiates mostly-lie along the radial canals with one ray facing externally. 
The tetraradiale spicules also lie in the same region. 

NUTRITION 

Nutritionally, Scyplui is both holozoic and saporozoic Its food consists of 
microscopic organisms, organic debris and detritus. 
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Ingestion takes place in an interesting way. The ceaseless, though uncoor¬ 
dinated, beating of the flagella of the choanocytcs set up a water current that draws 
the food particles into the radial canals through the dermal ostia, incurrent canals R * ,7a ^^r6oo«are«'v, Bg cirboogriia»ffoo 
and prosopyles. The flagellum undulates from the base to the tip and this creates a ° 

current that starts from the base of the flagellum and passes towards its tip. This in turn draws the food particles towards the 
collar, because it surrounds the base of the flagellum and here they adhere to its outer sticky surface. These particles are then 
engulfed by pscudopodia arising from the cboanocyte at the base of its collar. 

Digestion in Scyplui is completely intracellular and occurs in food vaculocs in much the same way in Protozoa. Enzymes 
secreted in the food-vacuoles by the surrounding cytoplasm gradually digest the food. Food contents of the vacuoles are first 
acidic and later become alkaline. This corresponds to the acidic phase of digestion in the stomach and alkaline phase in the 
intestine of higher animals. All the 3 types of enzymes, viz., proteases, carbohydrases and lipases, have been isolated, but it is 
not certain whether they are secreted by Sc ypha itself or by bacteria that about in it 

Distribution of digested food to other cells (pinacoctyes. myocytes, porocytes. etc) is affected in two ways: by cell to cell 
diffusion and by amoebocytes, called trophocytes, that take up wholly or partly digested food from the choanocytcs and move 
about in the mcsogloea, delivering nutrient to various cells. 

Siongeot food occur fa comm .moebocytec. died aocyus, in the form of glycogen, f.t, glycoprolein or lipopiotcin. 

Egcstion is brought .bout by cboenocyles end .mocbocyles that .brow off indigestible pieces into the coals. from wbc,c 
•hey are ultimately driven out through the osculum by the outgoing ament of water. 


SENSITIVITY 
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Scypha (sycon) 

Sponges do not have a nervous system and their responsesare mainly local. The osculum is the most sensitive part, it collapses 
when the incoming current is polluted, or a strong beam of light is focussed over it or. when the sponge is partly submerged or 
is touched by some object. It seems that under the influence of a stimulus myocytes contract causing the closure of the osculum. 
The stimulus then gradually passes down the cylinder for a short distance probably by means of the mesh of neurons. Myocytes 
are probably neuromuscular celb. Occurrence of bipolar and multipolar nerve-cells, the neurons, has been claimed by P. de 
Cewa/ty (1955) in the mesobyl beneath the dermal membrane of certain sponges. In a few species of Dcmospongiac and Calcarca 
lopliocyies are believed to serve a sensory function (W.C. Jones 1962). Whether or not. there are nerve-cells in sponges, their 
responses are so simple that one sometimes doubts the necessity of nerve cells. For instance, a sponge named Oscarella lobularis 
responds to varying light intensities; it becomes deep red in light and turns brown in dark. The significance of this change is 
unknown, but it occurs slowly and does not seem to be controlled by nerve cells. Similarly many sponges secrete lot of slime 
when lifted out of water. It is perhaps a direct response of pinacocytes at the surface to a change in their environment It does 
not call for a nervous system. 

Respiration 

Respiration is aerobic and is accomplished externally by the general body surface or pinacocytes and internally by 
choanocytes and lining cells. Each cell respires for itself, oxygen entering the cell and carbon dioxide leaving the cell by simple 
diffusion. Amocbocytcs distribute oxygen within the mesenchyme and carry away carbon dioxide. The entire process is again 
intracellular. 

Excretion 



The nitrogenous waste is ammonia for most part and in all probability it leaves the cell by diffusion. It has also been claimed 
by some investigators that the nitrogenous wastes first p<|en , indiv ; dut 4 

arc taken up by the amocbocytcs which arc then dis- /&t 

charged into the spongocoel. from where they pass out 

in the water ament through osculum. f '-' A'?.'; Cj* 

Reproduction ( .'’’i i. v - 

Scypha reproduces ascxually as well as sexually I h./.l PtVj 

as given below: fc V* . '/Vjj ;/ 

I. Asexual Reproduction Ip* 'a 

(i) Budding - It is a very common method of V& \ * 

asexual reproduction. Masses of arcbacocylcs migrate V \ *ti 

to the tips of spicules clumps that project from the ‘ : J I Vf 

surface in the form of bud. These buds cither remain | •: 1/ . : -4 

attached and grow in size, thus inacasing the bulk of , 79 fom.iwa iaSw*. 

the sponge or it may finally breaks up and form new 
sponge. 

(ii) Regeneration - Regeneration is the power to replace the parts lost by injury. Tt 
to such an extent that if a sponge is thoroughly teared or squeezed in the sea water so as 


Daughter 

individual 


2. Sexual reproduction 

Scyplm is . monoecious sponge bu. due <opro,ogyny. only ooss-f.rtiliz.lion occur. Spcci.1 sex organs ..._■«««* Male 
sex ceils, ibe sperms and Ihc female sex cells, .be oea. are found in .be mesenebyme. They develop from und.ffe.enlialed 
amocbocytcs. called arcliaeocytes. 

t \ Snrrmatoeencsis The sperm mother cell or spermoatogonium is said to be an enlarged arcbacocytc. However. it is 
3 a modified cboanocyte by Catcnby. who described the transformation of an entire flagellated chamber int 

spcnnatozM.^SooiUhcs^tna^tMiium fasurrountkd by one or more flattened cover cells to form the spcrmatocysl. The cover 
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Scypha (sycon) 

cells are derived cither by the division of the mother cell 
or from other amocbocyles. The spermatogonium under¬ 
goes two or three divisions to form the spermatocytes 
which give rise to spermatozoa. A mature sperm or 
spermatozoon consists of a rounded, nucleated head and 
vibratile tail, by the lashing movements of which it 
moves in water to reach other sponges. 

(b) Oogenesis. The egg mother cell or oogonium is 
derived from a large arcbaeocyte with a distinct nucleus. 

This may sometimes arise by transformation of a 
cboanocyte which store some food, loses its flagellum 
and sinks into the amoebocyte and grows by engulfing Fif 17 , 0 
other cells which may be amoebocytcs or special nurse 

cells (i trophocytes ). The oogonium gives rise to an oocyte. When full grown, the oocyte undergoes the usual two maturation 
divisions to form the ovum which lies in the wall of a radial canal, ready to be fertilized by a sperm from another sponge. 



A B 

Stages la fenlliutioa la »Jra la a caleaream tpongt. 
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Fertilization 

Fertilization is internal. When the sperms mature, the spermatocysts rupture, discharging the sperms into the radial canals. 
From here, they are carried by the outgoing current of water to the exterior through the osculum. With the incoming water current, 
the sperms enter another sponge through the dermal ostia and reach the radial canals. Here, each sperm enters a wandering 
amoebocyte or a choanocyte. The invaded cboanocyte loses the flagellum, withdraws the collar, becomes amoeboid and migrates 
into the mcsogloea. The amocbocyles and choanocyles penetrated by the sperms are known as the sperm-transit cells, as they 
serve to carry the sperms to the ova through the mcsogloea. A sperm-transit cell adheres to a nearby ovum, which forms a conical 
depression to receive it The sperm loses its tail and its head swells up. The swollen head gets surrounded by a capsule. The 
capsule with the sperm head entres the ovum. 

This completes the act of fertilization and results 
in the formation of a zygote. The sperm transit 
cell now departs. The zygote gels enclosed in a 
brood capsule formed by lining up of the neigh¬ 
bouring amocbocyles. Early development of the 
zygole occurs within the brood capsule of the 
parent 

Development 

The development of Sycon includes the early 
embryonic period and larval period followed by 
metamorphosis. 


1. Embryonic period 

(a) Cleavage. The fertilized egg undergoes 
maturation and starts development within the 
mesenchyme of the parent It undergoes equal 
and holoblastic cleavage. The first three 
cleavages are vertide forming 8 blastomeres. 
The horizontal division then divides the bias- 
toincrcs unequally and of the 16 blaslomeres 
produced, 8 are large cells or macromeres lying 
next to the parent choanoderm. They are 
designed to form future epidermis. Eight smaller 
cells or micromeres give rise to future 
choanocyles. At this stage, the embryo lies just 
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beneath the maternal choanocyte layer as a flattened disc- 
shaped body. The micromercs undergo rapid mitosis to form 
several micromcres. elongate and each develops a flagellum 
on its inner end facing the blastocoel. The macromeres do not 
divide for sometime, become rounded and granular and an 
opening is formed in their middle which helps in the ingestion 
of adjacent maternal cells. This stage may be called as bias - 
tula with a blastocoel between both the tiers. 

(b) Stomoblastula. In the stomoblastula. its one side is 
composed of many small, elongated and flagellated 
micromeres and the other side is composed of eight rounded 
cells called macromeres. The blastocoel communicates to 
outside through an opening, the mouth, between the macro- 
meres. This mouth is used for engulfing the surrounding 
amoebocytcs for nutrition. 

(c) Amphiblastula - The columnar flagellated cells of the 
stomoblastula continue to multiply. As a result of the pressure 
exercised, the entire embryo turns inside out by the mouth so 
that the flagella now point outwards. After this inversion, the 
macromeres, also multiply and as they progress on all sides, 
the mouth of the larva is dosed. As a result of further 
multiplication of cells, the larva becomes siighUy elongated. 

A pigment and an eye spot develop at the anterior pole. This 
is the typical flagellated ampltiblastula larva of class Cal- 
carea. It is enclosed in a trophic membrane of maternal 
cboanocytcs which supply food to the growing embryo. It b 
oval in shape having one half of it made of small, narrow flagellated micromeres and the other half havmg large, rounded. 

non-flagellated macromeres. 

(d) Caslrula. Ultimately the amhiblastul. settles down and undergoes gastrualiion. The macromeres multiply more rapidly 
,ban the micromcres. so that the Dagcllated half of the larva is invaginaged into and overgrown by the granular non-flagella 
half. The larva now becomes a typical double-walled gas:rule with a blastopore at the mvagmated side. 

II. Metamorphosis 

After swimming for some time, the Oagellated half of the larva inv.gin.tes into or isovergrown by the '“J' 

OageUated'cells. Castration, thus, in a way reverse the inversion that took place at the stomoblastula stage. 

The vastrula soon fixes itself to some substratum by its blastoporal end and grows into a cylindrical strocture.lu blastopore 

line the enure cavity which is the tu pc • » | MVCS iTutrougb the osculum. At this stage the young sponge resembles 

osUa. Through them water xn terlthe po g ' ^ „J s , age Thc wa || o( the cylinder gradually thickned due to 

invaginations of the derm y jcu| „ and various types of amoebocytcs arc diffcrenUated in the mcsogloea. Th 

a young Scypha comes into being. 


Fig. 17.12 Ukr aU ges of dcvelopmcal o ISeypha. 
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HISTOLOGY OF SPONGES 


In most of animals the body is composed of various tissues like epithelium, connective, muscular, neivous and skeletal. But 
in sponges there is cellular grade of organization means the body is composed of different types of cells lacking proper 
organization. The cells found in sponges do not organize into tissues. Sponges arc diploblastic i.e. composed of two layers - 
ectoderm or dermal epithelium and inner endoderm. In between these layers lies mesenchyme.Tbc cells of these layers arc 
simple and modified according to their function. 

(1) ECTODERM 

These cells arc generally called dermal epithelium. They form a covering of the outer body surface and the lining of incurrenl 
canals. The following cells form this layer: 


(i)PiVu7cocyr«.These are large Oat, closely cemented cells with tbickned central bulge containing the nucleus. They appear 
continuous with adjacent cells. These are generally 


found to cover the outer body surface when they are 
called dermal epithelium. In syconoid sponge they also 
line the paragastric cavity here they arc called gastral 
epithelium. These cells are highly contractile and thus 
can reduce the surface area. 

In some sponges the epidermis is formed by 
epithcloid membrane which is a continous membrane 
having numerous scattered nuclei 

Hexactinellid sponges have no definite epidermis. 

(ii) Porocytes. In asconoid sponges ( Leucosolenia) 
some of the pinacocytes are modified to form tubular 
cells, the porocytes, connecting the incurrent canals 
with the radial canals through their intracellular chan¬ 
nels, the prosopyles. The porocytes arc thin-walled 
cells, open at both ends and with nucleus present in the 
peripheral cytoplasm. As has already been noted, the 
porocytes in the adult sponge are lacking altogether. 
Pinacocytes surrounding the osculum, outer or dermal 
ostia and inner ostia or apopyles are elogated and 
contractile and ad as musde cells, called the myocytes. 
They form the sphincters around them to regulate these 
openings. 



FI*. 18.1 Types of cells la a sponge. 


(2) CHOANODERM OR ENDODERM 


T ““ ofn ‘ gdl *" d «"* «—«ov. 

contains a smgle nucleus, one or two contractile vacuoles, foot 
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vacuoles, reserve food, blepberoplasi. rhi/oplast and a single basal granule or kinetosome from which whip-like flagellum arises. 
The flagellum is surrounded ai its base by a ihin cytoplasmic collar. The flagellum has two central fibrils and nine double 
peripheral fibrils. The colar of the flagellum is contractile and is made up of ring of erect and closely set microvilli which project 
from the cell. The choanocytes line the radial canals or flagellated chambers. The movement of their flagella causes a current of 
water 

(3) MESENCHYME 

The gelatinous, transparent matrix of mesenchyme is known as mesogloea in which arc found special cells called 
.imoebocyies which may be of the following type: 

(i) Collcnocytes. Star-shaped cells which are sometimes united to form a network. 

(ii) Chromocytes. Pigmented cells with lobosc pseudopodia. They probably impart colour to the sponge. 

(iii) Thesocytes. Cells with lobosc pseudopodia and are laden with reserve food material. 

(iv) Scleroblasts. These secrete the spicules. They may be calcoblasts (secreting calcareous spicules), silicoblasis (secreting 
siliceous spicules) and spongioblasts (secreting spongin fibres). 

(v) Tropliocytes. They arc loaded partly or completely with disgested food. They serve to transfer food from one place to 
another. 

(vi) Phagocytes. These cells collect food from the choanocytes through their pseudopodia and also engulf excreta and 
damaged tissues. 

(vii) Archaeocytes. Or undifferentiated embryonic cells that give rise to sex cells. They have blunt pseudopodia, large nuclei, 
conspicuous nucleolar and cytoplasmic inclusions. They may also be associated with transport of food and waters. 

(viii) Lopliocytes. These arc amcoboid cells with a tuft of fibrils at one or both ends and occurs in connection with the 
pinacocytc epithelium. Its function is unknown but it may secrete fibrillar bundles. 

(ix) Desmocytcs. They are long slender cells lying at the basement of the canals. 

(x) Gland cells. They arc derived from amocbocytcs and secrete mucous. 

(xi) Germ cells. Some of the amocbocytcs (archaeocytes) differentiate into sex cells i.e. ova or sperms. However, In some 
sponges, they arc said to be modified choanocytes. 

(xii) Myocytes. These arc elongated, nauow nucleated cells arranged around the apopyles, osculum. and ostia arc also present 
a number of narrow elongated highly contractile cells, the myocytes. 

By their conlraclibility they can control the size of the openings. 

The incscncbyinc also contains the spicules which are monaxonic and triradialc in form. These serve to strengthen the body 
and hold it up right. 


CANAL SYSTEM IN SPONGES 


bodies arc excluded through ibis current. The perforations of the body of the sponge by a large number of ostia is characteristic 
of phylum Porifcra. 

The arrangement, and complexity of the canal system varies considerably in different animals but has been divided into four 
types: 


1. Ascontype 

2. Sycontypc 


3. Rhagontype 


4. Leucontypc 

All the living tissues of the sponges are soft and it is a direct need of the animal to maintain a constant shape with different 
canals or passage-ways. Therefore, deeper layers of the body are provided with supporting spicules. Around the osculum. spicules 
arc long rid straight, while spicules situated around ostia are short and straight; around spongocoel they are Y-shaped, while 
triraycd in the boyd-wall. 

Thus, all the activities of sponges with intricate passages of canals, traversed by currents of water entering by pores and 
passing out by osculum are collectively termed as a canal system of sponger 


oiculum 



Fig-19.1 Syccn gdctiiutau, ikoMag pangaurtc 
caviiy, (acarrrat aid radial caaih. 


A typical canal system is composed of following components: 


((a) Incurreru canal. It opens externally to the outside by a small pore 
known as incurrent pore or ostium, but internally it ends blindly. 


(b) Radial canal or excurrent canal It is closed externally but opens 
internally by minute pores or apopyles into a central cavity or cloaca I cavity? 
or gastral cavity or spongocoel, which cannot be compared in any way with 
the stomach or intestine of other animals. 


[(c) Prospopyle. It is a smaller canal or passage-way connecting moment 
canal with radial canal.; 

The incurrent canals are lined by flat squamous cells and their functions 
are only to form water conduits and to form a smooth and firm surface.' 1 

(The exturrent canals or radial cnhab.are lined by collar celH opening 
at the surface and are provided with flagellf Or whips. The lashing movements 
of flagellum procure the food partides and push them into the cell-mouth. 
Thus, this is food capturing arrangement of sponges. 
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Spongocoel or central cavity is lined by a thin gastric epithelium. It 
opens to the outside by an aperture, called osculum. 


Canal system in Sponges 


I. Ascon type. 

i l \M ) 

It is the simplest type of canal system in which the body is thin walled^O* 
bilaterally symmetrical and hollow due to the central cavity: This cavity is 
known as the spongocoel or paragastric cavity that opens to the outside by 
means of a circular aperture (known as osculum)ht the free distal end of 
the cylinder. Numerous minute pores, the ostia, a te also present in the think 
wall of the cylindck These minutes pores are regularly disposed intracel¬ 
lular apertures each of which is a canal like structure situated witbiA a 
tubular porocytc. They extend from the outer surface of the body wall to 
the spongocoel! The water current reaches the spongocoel after passing 
through the ostia and goes out through the osculum. The body wall of ascon 
type of sponges is formed of two layers. The outer layer is called ectoderm 
and the inner layer is known as endoderm. The ectoderm is formed of thin 
and flat pinacocytes. The endoderm is formed by the choanocyies and lines 
the spongocoel. Between these two layers is a thin mesogloea formed of 
non-living gelatinous substance. It contains different kinds of amoebocytes 
and triradiaie spicules formed of calcium carbonate. 

The ascon type of canal system is also found in some calcareous 
sponges such as in the development stages of Clathrina$esi<les this it is 
found in Leucosolenia and some other simple sponges.) 




The course of 
the water cunent 
is as follows: 


Fif. 19.2 Arttmout type o t ca««l spun. 


•popylci 


Fip. 19.3 Sy<onoiJtype of cjo»I spiem 


outsider water —• ostium —* prosopyle —* paragastric cavity 
osculum —* outside.’ 

II. Sycon type 

It is a more complex system as it is folded version of the asconoid., 
body. It is found in Scypha and in the embryonic development otScypha ) 
clearly shows the asconoid type by the outpusbings of the wall of an 
asconoid sponge at regular intervals into finger-like projections called 
radial canals/ At first, these canals are in direct contact with the outside 
water but in most of the sponges, the walls of the radial canal fuse in 
such a manner that tubular incurrent canals are formed in between. 
These moment canals open to the exterior by dermal ostia or dermal 
pores. As these incuncnt canals represent the outer-surface of asconoid 
type of surface, they are lined by epidermis while the radial canals which 
represent the outpusbings of asconoid spongocoel are lined by 
choanocyies) The interior of the sponge in which raidal canals open b a 
spaceous spongocoel which is lined by the flat epithelium derived from 
epidermis. The opening of the raidal canals into spongocoel are termed 
internal ostia. The spongocoal opens to the exterior by a large single 
osculum. The wall between incurrcnt and radial canals is pierced by 
numerous minute pores called prospopyles\ 


The course of water current through the canal system can be represented as follows: 


Canal system in Sponges 
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outside 


surrounding 

water 

osculum 


dermal 

ostia 

spongocoel 


incurrent canals prosopyles 

apopyles 1 

- radial canals 


In the more complicated of syconoid types of 
canal system, the epidermis and mesenchyme spread 
over the outer surface forming a thin or thick cortex 
having cortical spicules.The epidermis is pierced by 
more definite pores that lead into narrow incurrent 
canals. 

Id. Rhagon type 

This type of canal system is found in the larva of 
Demospongiac called rhagon which has a broad base 
and is conical in shape. Due to excessive growth of 
mesogloca sub-dermal spaces are formed in its body 
wall. 


Spongocoel 


Apopyle 


Proiopylc 



Flagellated 

chamber* 


Hypophare 

Fig 19.4 RUoge* type caaal tyuea. 


The oslia open in these spaces which lead inlo incurrent canals. The incurrent canals open by prosopyles into flagellated 
canals which are lined with cboanocytes. The flagellated canals open by apopyles into excurrent canals which lead into 
paragastnc cavity. The paragastic cavity opens to the outside by the osculum which is present at the apex. The incurrent and 
cxcurrent canals may be complex and branched in it The course of water through this system is as follows: 


outside water—* ostium—*sub dermal space—• incurrent canals 

outside *— excurrent canals apopyle — flagellated canals __ 

IV. Leuconoid type. 


\ 

-prosopyles 


In this type, oval or 
fora ted by dermal 


Subdcrmal 


Escurrcnt 

ctoali 


eicurrent canal 
Dermal pore* 


eh am ben 

Incurrent 

e*nal« 


This type of canal system is formed from the rhagon type by the. 
rounded chambers lined by flagellated cells are formed by evagination of the radial canal. The surfaa is’ 
pores. These porces lead into incurrent canals, 
which are found in mesenchyme. These canals are 
usually branched.)In many cases, dermal pores 
open into subdermal spaces, which arc large and 
are provided with spicules.(lncurrent canals open 
into small, rounded chambers provided with 
flagellated cells. The openiqg of the incurrent 
canals into the flagellated chambers arc called 
prosopyles. The flagellated chambers open into 
the excurrent canals by small apertures, knowsn as 
apopyles. These excurcnt canals are united to form 

large tubes, which open into spongocoel. This Fig l9 - 5 Rfc, r>«> type I* vs. of^v. r 7/a 
cavity is largely oblitcratedfcSpongocoel opens to the outside by the osculant 'i.enrnmuH r 

into 3 sub-types:- ^ 7 osemunt Leuconoid type of canal system can be divided 

(a) Eurypylous type. In this case tfie sponge has a flat broad base .. 

There are a number of flagellated chambers ( radial canals) in the un , „ " opcmn & al ** •P ex «nd looks like a pyramid, 
wall is without flagellated chambers and is known as AvnonW. Wb,ch l* e P roso Py ,e » °P ca - The lowa basal 

/pepnore whereas the upper wall with flagellated chambers is called 
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spongophore. The folded spongophore gives rise lo moment canals. Due to this 
folding the flagellated chambers do not open into the gastral cavity but into the 
diverticula forming the excurTent canals. 

( b) Aphodal type. In this type of canal system the flagellated chambers do not 
open into the excunent canals directly but are removed bom the excunent canals 
by prolongations of apopyles into small canals called aphodus which are lined by 
the prolongation of the epithelum of excurrcnt canals into which they open. There 
is only one prosopyle to each chamber. 

(c) Diplodal type. In this type incuncnt canals do not directly open into 
flagellated canals but open by nanow canals called prasodus which are prolonga¬ 
tions of prosopyles. Thus each flagellated chamber has a prosodus leading to 
moment canals and an aphodus leading from it to exunent canals. 

Mechanism of current production 

^ To produce an incuncnt or excunent condition there are two factors which arc 
essential: 

(i) For entering water through ostia into the body there must be a pressure 
within it less than that in the incuncnt canals. 


oicutura 


flagellated chamber* 


meunex* 


eicurrcol 

channel 



■PPopyla 


proiopylei 


dermal pore* 


Fig. 19.6 Leaconoid type of casal ayatem with 


Fig. 19.7 


(ii) For escaping water through osculum there must be a pressure within 
chambers higher than that in the excunent canals) 

But as the pressure in the incuncnt and excunent canals is the same, 
there must be a difference of pressure within the chamber itself and the 
lower pressure must be towards the periphery. Such a distribution of 
pressure is set up when each flagellum causes a flow of water towards 
the centre of the chamber. 

Functions of the Canal System. 

1. The canal system serves the purpose of nutrition. It is regarded as 
a highway for the food through the body cells in the radial canal 
with flagella, which capture the food particles. Water-cunents are 
produced by flagella, thus, water flows into the central cavity or 
spongocoel. Smaller food-particles e.g., diatoms, protozoa and 
particles of organic debris are ingested into the cell protoplasm and 
digested. The digestion is intracellular. Robert Grant first of all 
observed the flow of water in the body-wall by adding powdered 
carmine to the water. Thus, canal system here does the same 
functions as circulatory system in higher animals. 

2. In sponges, as a result of development of elaborate canal system, 
massive growth is found. 

3 Streaming currents of water have dissolved air. therefore, gaseous 
‘ exchange or respiration lakes place in the cells. Oxygen is taken in 

by simple process of diffusion and carbon-dioxide is given out The 
respiration is also intracellular. 

4 The function of the canal system is »\so excretory. Cuncnls ofwiler. 

' which pass outside the osculum remove the carbonic acid «ndo*er 

"nous waste substances, which are the excretory products of 

the body. 


cury/^/oichaaiben. 

incurreni canal. 



dermal port 


flagellated 

thamber 


Lcocoaold type with ophodai chamber*. 



Fig. 19.8 Leicoaold type with fploidal cUmbtn. 
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5. The purpose of Ibe canal system is s\so to increase the surface area oUbe Mmm»\ in water. This i*« characterise point b> 
which increase of volume is allowed by keeping ihe ratio of the surface lo the volume. 



SKELETON IN SPONGES 


The skeleton of sponges is formed of spicules or spongin fibres or of both. The spicules are needle-like shiny structures! 
They have a central axis of organic substance around which inorganic substance are accumulated. An organic sheath is present 
outside this layer of inorganic substances. The organic substance of the spicules is in contact at places with the organic matter 
of the animal. The inorganic substance found in the spicules is either calcium carbonate or silica. The organic axis in siliceous 
spicules is broad and distinct and is collected around the axis of mineral matter in the form of concentric lamellae which serially 
alternate with each other. In calcareous sponges the calcium carbonate is granular and the organic substances arc absent in it 

According to size the larger spicules, constituting the main skeleton, are called mcgascleres and the smaller spicules which 
occur interstitially arc called microscleres. Further, spicules may occur in several forms; they may be simple rod-like or may 
take the form of forks, anchors, shovels, stars, plumes, etc. These forms depend upon the number of axes and rays present. 


1. Megascleres. 

They are larger spicules and arc named by adding axon in the number of their axes and actine or actinal in the number of 
their rays. They arc of the following type: 

A. Monaxon spicules. They are straight or curved, rod-shaped or needle-like spicules which have only one axis. The growth 
of these spicules can be in one or both the directions of their axis. Thus they are of the following kinds. 

(a) Monactinal monaxon. When the growth of the spicules lake place at one end of the axis, it is called style. Its round end 
is called strongylote and pointed end is known as oxeote. 

(i) Tylostylc. Its round end is knob-like. 

(ii) Acanthostylc. Many minute spines are found on its surface. 

(b) Diactinal monaxon. When the growth occurs at both the ends of a monaxon spicule it is known as diactinal monaxon or 
simply as diactine or rhabd. 

(i) Oxeas. Their both the ends are pointed. 

(ii) Tor not a. Their ends arc like spear-heads. 


(iii) Strongyles. Their both the ends are round. 

(iv) Tylotes. Their both the ends arc like pin-heads. 

by loss or reduction of rays. 

C. MW spicules. Tbeac are also called ,««« and quadriga,*. Each baa W-icd.y < ">*• - * ^ 

These may be: 

(i) Calthrops. When 4 rays arc more or less equal. 
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(ii) Triaenes. When 1 ray is elongated (rhab- 
domc), bearing 3 smaller rays (dadome). If one 
smaller ray is lost it becomes diaene. 

( \\\)Amphidisc . When disc occur at both ends 
of a rbabdome. 

A triradiate spicule is the most common 
spicule of calcareous sponges and results by the 
loss of the rbabdome of a triaene. 

D. Polyaxon spicules. These spicules have 
several equal rays radiating from a central point. 

E. Spheres. These arc almost round spicules 
in which growth takes place around a centre. 

Desma is a special kind of megasetere consist¬ 
ing of an ordinary minute monaxon, triradiate, 
spicule called crcpis on which silica is inegularly 
deposited. 

In the beginning silica follows the crepis but 
later develops elaborate branches and when they 
are united into a network then it is called lethisted. 

2. MIcroscleres. 



They arc minute spicules which are scattered 
in the mesenchyme and sometimes arc seen 
projecting in the canalsjTbcy arc like megasderes 
in structure but smair in size^Thcy are of the 
following kinds: 

(1) Monaxon microsderes. 

(2) Polyaxon microsdcres. 

A. Monaxon microsclerts. They are only 
d iactinal a nd found in the form of stra ight or curved 
rodsVrbe straight diactina! micioscleres are called 
Microrhabds. (They are of the following types: 

(i) Microxeas. Their both the ends are pointed. 



oiyatur 



Fl*».t 


(ii) Micrastrongyles. Their both the ends are 
roundy 

The curved diactinal microsderes are of the following types: 


rbabdocrepid 


Daiaaa 

Spcetks aid apo.sU Gbrcs U Spcmgu. 


Spoogin 

Pibraa 


(a) Toxas. They are bow-shaped. 

(b) Sigmas. They are sigma-shaped. 


(c) Streptasten. They are spiny spicules. 

(d) Chelas. Curved hooks or plates are present at their both the ends. 
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(c)Sigmnspires. They are spirally coiled. 

B. Polyaxon microscleres. Many rays radiate in all directions from a central point in these spicules. They are present in 
much large number than the polyaxon megasderes. Generally, they are called asters. 

They arc of the following types : 

(a) Large centred forms 

(i) Spherasters. The number of rays are definite in them. 


( \i)Sterastcr$ . Their rays are reduced and are seen only in the form of projections. 
(I>) Small centered forms- 

(i) Tylaster. Knob-like structures are found at their ends. 

( ii) Strongylasters . The ends of their axes are round. 


(iii) Oxyasters. The ends of their axes are pointed. 


DEVELOPMENT OF SPICULES 

f he cells that secrete the spicules are known as scleroblasts. 

The spicule may be secreted by a single scleroblasl or from more 
than one mother cell. 

1. Monaxon spicules, (i) In a binucleate scleroblasl a small 
dcposition.ofCflC 03 appears, (ii) With development the two nuclei 
arc separated wide apart and scleroblasl divides into twocellsl(iii) 

The cell lying towards inner side called founder gives shape and 
length to the spicule and the other cell lying outwards called 
iliickncr helps to thicken the spicule, (ivj When the spicule is fully 
formed both the cells migrate in the mesenebyma) 

2. Triradiate spicule, (i) To form a triradiatc spicule 3- 
scleroblasts take, part (ii) Each divides and in each pair a small 
spicule is s<^rctcd.(iii) Ultimately these three spicules unite to form 
a triradiatc spiculeJff 

3. Other spicules. Hexaclinal spicule is formed by the secre¬ 
tion of silica by a mass of multinucleatc mass derived from 
repealed division of a silicoblasL 

SPONGIN 

Spongin is an organic, homy, clastic substance, resem¬ 
bling silk in chemical composition) Like nails, hair and 
leathers, it is a scleroprotcin containing sulohur and chemi¬ 
cally related to collagen, a homy prolcinjh is insoluble, 
chemically inert and resistant to protein-digesting cn/ymcs. 

used bath-sponge as a cure for crop.) 

s,«.ngm occurs in various forms in .he class Dcmospongia) I. may occur as a cc.ncn. connects .ogc.be, .he siliceous 
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Fig. 20.2 Developneal of memo™ (AD) aed iri rodete (B-ll) 
spic.les. 
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A—Spoegie fibres. B and C-Spo.gle fibres will 
fore ip* panicles aad spicules. 


Reproduction in Sponges 


archaeocytcs is an outlet, which is called micropyle. These gcmmules are 
produced by the sponger-hen they are unable to live due to the excessive 
cold or drought jfte fr^h-water sponges from a large number or gemmules 
in autumn and tfeTdisintegrate; gemmulesare found in the remnants of the 
body of sponge or they fall to the bottonvpntmules can withstand freezing 
and drying. They are, therefore general# produced by the sponge in the 
autimn, when adult sponges die.Jn India, gemmules are generally found on 
the approach of summer. On the return of favourable conditions in the spring, 
gemmules b*\ch)Zeuthen (1939) found that gemmules can hatch at any lime 
at the temperature of 21-33 d C. According xoBrien (1932) batching takes place 
when the contained cells of the gemmules stream into the micropyl^Tlie large 
multinucleatc archaeocytcs divide into uninucleate ones and into small cells 
or histoblasts, which first of all originate and arrange to form an epidermis, 
differentiate so as to form choanocytes, porocytes and internal linings of 
spaces. J\rchacocytes modified into scleroblasts produce spicules and after a % 
week by differential And arrangement a new complete sponge is formed, 
surrounding the empty gemmule shellflfa some cases .forminal tube is 
also forined. It is a protrusion of outermembrane in the form of tube. 

Later ©^differentiation and arrangement of cells take placed 
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Fig. 21.3 Gcrmloarleg grmmalc of a sponge. 


(iv) Formation of Reduction Bodies. These are formed during 
unfavourable conditions. It involves masses of many kinds of 
amoebocytes with epidermal covering^that persist after the disintegra¬ 
tion of the parent sponge, fhese reduction bodies can develop into 
sponges in favourable condition^ They differ from gemmules in not 
having an external layer of columnar alls with spicules^ 

(v) Regeneration in Sponges 

All animals, particularly the less specialized ooes. can replace 
their lost or injured parts. The process is known as regeneration. It is 
greater in simple animals and in simple tissues. Thus, epithelial tissues 
regenerate readily, whereas highly differentiated tissues, such as 
musde or nerve tissue, have very limited power of regencrationAUie 
sponges, correlated with their low grade of organization, have a high 
capacity to regenerate. If an individual is ait into pieces, each 
piece, however, small it may be, will grow into a complete or 
full-size sponge if conditions are favourable^Tbe regenerative ^ 
power of certain sponges is quite noteworthy as demonstrated Q 
by H.V. Wilson (1907) by a simpTe experiment. If a sponge is 
chopped into small pieces, run through a meat grinder and then £ 
squeezed through fine silk bolting cloth, its cells are separated ^ 
from one another. In a suitable medium, some of these disunited € 
cells come together by amoeboid movements and unite to form 
small aggregates or spongelets. In course of several days these A 
reunited masses acquire canals, flagellated chambers and 
skeleton, thus growing up into newsponges. Cells from different 
species of sponges may adhere temporarily but later separate, C 
without re-forming a sponge. 
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(B) Sexual Reproduction. Sponges reproduce by sexual 
reproduction: by formation of ova and spermatozoMajority of 
sponges arc hermapbrodie (Gr. Hermes, hpbrodtfe) Le^ an in¬ 
dividual possesses both male and ftmalc reproductive organs 
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bol some are dioecious (Gr. dt, twice; oUcos, bouse) 
Le., having the male and female reproductive or¬ 
gans in separate individuals. In bisexual or her- 
maphorodite or monoecious forms, germ-cel Is of 
the male mature before those of the female, thus, 
producing sperms and ova at different periods. 
I Eggs usually develop in the basal part of the 
sponge, while the sperms are formed on the apex.) 

Sexual reproduction in sponges, which live in 
shallow water, takes place at certain seasons of the 
year, whereas deep-sea sponges reproduce 
throughout the year. Sex-cells are produced from 
the archaeocyted but, according to some authors, 
sex cells originate from cboanocytes. The ovum is 
formed by the enlarging of amoebocyte or 
amoeboid cell. It has a large nucleus and a distinct 
nucleolus. It grows and acquires food material. 
When full size is reached, oogonium or egg mother 
cell undergoes maturation divisions. In some spon¬ 
ges the sperm mother cell or spermatogonium is 
the enlarged amoebocyte covered by one or more 
flattened cover-cells, thus, forming spermatocysL 
I The spermatogonium which is in the spcrmalocysl, 
'divides twice or thrice into spermatogonium, 
which produce sperms Spherical bunches of 
minute spermatozoa ire formed by repeated 
divisions. Gatenby described that the cboanocytes 
divide into spermatozoa. These spermatozoa have 
rounded heads and vibratile tails for rapid move¬ 
ment in water. 


Fertilization'. Sperms of one sponge is carried 
by water current outside the body and enters into 
another sponge of the same species with moment 
wateri This directly fuses with the ovum or gel 
attached with a cboanocyte lying near the ovu^. 
\ The choanocytc with the sperm fuses with the 
1 ovum and set free the sperm which then fuses with 
ovumJnhus in sponge ctoss- fertilization occurs 
wbidPis internal.^ 
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pkibUuaU. F—Bcgiaalag oT lavagioJlloa. G—Gaalrala 
ibowiag fa* do a (la »«••©•). H—Yoaag »poage. I—Av 
coaoid (olyaikai) »Ug«. J—SycoaoM »t»ge. 


Development 

The fertilized ovum is died rygo,< which develops in .he perenul mesenchyme for sometime and gets covered by cpsu o 

(i)Cleavage or segmentation. The division of zygote is ^n^UKothe^^h form'd!c *chMnoderm. 

, ^vi^^^-Ve n ™ .cvc tfte p.re.r foe^ . rcee-swecmretin* 

U,V (locvof/orms..known case, do,inn development of emtnyo . free-swimmin* cHUted l.rv. ,ppe,n ho, the form 

assumed by the larva differs in different spongef. 
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“ hk * baikd 

parenchymula larva. The changes aie - 

(.) Some of UK flagellated cells withdrawn their flagella and pass as amoeboid cells into the internal envity. 


(b) Archacocytes also sink into ihe internal cavity. 

(c) Soon these cells fill up the greater part of the internal cavity and the larva b now called parenchymula larva. 


In this condition the larva attaches itself to the substratum and develops into adult form. Most of 
migrate to the outside to form the dermal epithelium. The flagellated cells become internal and form the cboanocytes. Ostia, 
osculura, spicules and spongocoel are formed and it attains the young stage. 


In some other sponges like Sycon and Grantia the zygote undergoes holoblastic cleavage and at 16-cel led stage gels fixed 
with the maternal cboanocytes represent future epidermis and other S-cells (micro me res) are future cboanocytes which divide 
repeatedly and acquire flagella on inner side facing bUslocoel. The megameres or future epidermal cells are Urge and round 
cells at the centre of which arises a mouth. This stage of the embryo a called siomoblastula. 


The next process is inversion of siomoblastula resulting in a typical larva called ampliibUutula. During inversion the embryo 
turns completely inside out through the mouth. Due to this the flagellated cells form the anterior half and the posterior half it 
formed by Urge non-flagelUted granular cells. 


The amphiblastuU now passes through the radUl canal to the outside and swims forward keeping the flagellated end al the 
anterior. During this lime gastruUtion occurs by invagination of Ihe flagellated part into the non-fUgellatcd macromere cells. 

The gastrula then attaches itsdf to some substratum, U develops the central spongocoel, ostia all over its body and the large 
opening osculum at the Dec-end. It now looks like young sponge and is called otymthus or ascoooid stage. Slowly radial canals 
develop and it is changed to a syconoid from or adult stage. 
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ECONOMIC IMPORTANCE OF SPONGES 


Sponges are of great economic importance, they art useful as well as harmful to mankind. 

1. Useful sponges to man. The flexible and highly absorbent spongin skeleton of marine sponge, Euspongia and 
Hippospongia, forms, after the removal of living parts, the bath sponge of commerce. The later is used for bathing, washing 
window pans and automobiles, mopping, ceramic work, and many more similar purposes, Today, doth and artificial sponges of 
rubber or cellulose have greatly replaced the natural sponges for many purposes. Even then they are put to a wider variety of 
uses. 


2. Sponges for Decoration and Presentation. Many people use certain glassy, transparent sponges ( Hyalonema ) for 
decoration purposes. Venus's-flower-basket is a beautiful sponge. It (EuplectelL i) is used for decoration and for presentation to 
newly wed couples symbolising a happy long married life like a pair of crustaceans which get endosed within the body of this 
sponge for ever. 


3. Sponges as food. Although the sponges are not eaten by other animals like fishes etc. due to their disagreeable taste and 
unpleasant odour, but Nudibranch molluscs make a regular diet of sponges. Some parasitic crustaceans also feed on their tissues. 
Thus sponges have a food value to these animals. 


4. Sponge fishing or sponge industry. Although synthetic sponges have become widely used, and largely replaced natural 
sponges yet natural sponges still have a great market, therefore, sponge industry is of great economic value. Since the days of 
Greece, the fibrous skeleton of bath sponge, Euspongia is used for washing and mopping. The water holding caparity of the 
skeleton is due to capillary forces in the fine spaces of irregular spongin net work. The best and principal supplies of sponges 
occur on rocky bottoms in warm shallow water of the Mediterranean sea and the Gulf of Mexico, Tarpon springs. Florida of 
United States the best commercial sponge fishing centre of U.S.A. where more than a million of dollars worth of sponges have 
been collected in a year. However, fungus infection reduce the total yield. 


Sponges are collected by several methods, by drag hooks, by trawlers and by divers. In deeper waters, they are gathered by 
dredging or trawling or more commonly by divers, either with or without a diving suit known as skin divers. In shallow waters, 
sponges arc gathered by the help of long bandied hooks operated by two men while one man rows, the other looks at the bottom 
of the ocean through a glass-bottomed bucket The marketable variety is taken out with a two pronged hook, fastened to a long 


pole. 

Living sponge is black in colour, smooth and slimy mass having a leathery covering. In the inside, it resembles to a |>ic« 
of raw beef liver, both in consistency and colour. After cleaning so as to remove dirt, sponges arc hung fiom lta 
and their protoplasm is allowed to decay. Later, they are well washed, beaten, bounded w.th a wooden mi kitto as to break<P 
any solid material such as invertebrate shell and ultimately by dried in sun. cleaned sponges arc cut or Rimmed. 
bleached, £>dcd. sorted and then auctioned. Sponges can be easily pressed for shipping due to 

culture, thecut pieces are about 8 cu inches are fastened lo slabs or coaade or otter support where water current provide abundan 
food and oxygen. 

5 $ ponces and their association with other animals. Some sponges show commensalism as several 
molluscs^nd fishes inhibit and live in the internal cavities of sponges for protection against enemies. They also get a g PP 1 
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of food in ibe circulating water. Tbe spongocoel of Hyalonema and Euplactella is occupied by a pair of shrimp of genus 
Spongicola. It is the example of commensalism. The shrimps enter the spongocoel in small and young condition is they grow 
inside their exit become impossible through the sieve plate covering the oseulum. 

Another example is that of a small family of crabs ( Hyas, Dromia etc.) in sponges. Tbe crabs cover themselves with bits of 
sponges, algae hyroids etc. with the help of a sticky secretion. The implanted sponge grow and moulds itself. This covering act 
as caumoOagc but also protects the crab from its predators. 

6. Harmful sponges. Sponges are not only useful to mankind but there arc some sponges which are harmful to us. The 
boring sponge Cliona bore the shells of the oysters and barnacles and break them into pieces resulting their death. Some sponges 
produce poisonous secretions and when touched the skin is pricked by the poisonous spicules producing itching of the skin. 



23 


PHYLUM-COELENTERATA 


Coelenterate was formerly regarded as Phylum divided into two subpbyla: Subphylum Cnidaria including Hydra, Obetia, 
Aurelia, Corals and Sea-anemones, and Subphylum Acnidaria including Oenophora (Pleurobranchia, Berate etc.) But during 
recent years Hyman (1940), Barnes (1980) and others regard the Coelenlerata (Cnidaria) and Acnidaria as two distinct phyla on 
the basis of a number of dissimilarities between the two. 

The coelenterates are regarded as primitive Metazoa in which the cells are organized to reach the tissue stage. In fact, all 
the basic types of tissues of higher animals are found in than viz. epithelial tissues for covering the body, muscular tissue for 
support, nervous tissue for conduction of stimuli and reproductive tissue for the reproduction. 

Derivation of Name 

AJI the coelenterates possess a single large cavity, the gastrovascular cavity. This cavity performs the function of digestion 
and distribution of digested food materials. It has only one exit, the mouth. Term Coelenlerata was first used by Leuckart (1847) 
for those animals in which the enteric carity form the body cavity. The name Coelenterata has been derived from two Greek 
words, Koilos - hollow, enieron = intestine. Thus the name of this phylum literally means hollow intestine but hollow bodies is 
considered more appropriate because actual intestine is not found in coelenterates. 


General Characters 

1. They are simplest Metazoa showing the cell-tissue grade of organization. 

2. All the members of this phylum are aquatic, most of whom are marine others are found in fresh water, none is parasitic 


3. They are either colonial or solitary. They are sedentary or free-swimming. 

4. Symmetry is usually radial about an oral-aboral axis. In some forms, however, it is biradial 


5. Head and segmentation is absent 

6. They exha bit two different body forms, the medusa which Is adopted for a pelagic existence and the polyp, which is adapted 
for an attachment benthic existence. Colonial forms have evolved in many polypoid forms. 

7. One or more whorls of tentacles encircling the mouth at one end of the body. These are used for food-capturing, ingestion 


and defence 

8. The soft and delicate body may be supported by homy or calcareous exoskeleton or endoskeletoo. 

9. The body-wall is composed of two layers of cells ( diploblastic ). the outer epidermis and inner endodermb or 8“^domis 
and an intervening mesogloea. The mesogloea may be thin or thick, cellular or acellular and b secreted by the eptdermb 
and endodennis. 

10 There are special stinging cells, the cnidoblasts which produce in them the peculiar nematocysts the organelles of offense 
and defence. About 17 types of such nematocysts have been identified. 


11 Characteristic undifferentiated interstitial cells are found among the epiderminal cells. 

12. ncy m primitive j. their Lck of org.t*. their l.dt of Ml, diffe^oti.^ epilhelUl .nd nto^e cell.. A tnoraUer ,y*en. 
consisting of contractile processes of epithelial cells. 
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13. Only one cavity lined with endodexmal cells, b (bead in the body called gastrovascular cavity. It performs the fanrtioa of 
digestion of food an d distribution of digested food, Jt opens out through the month which opens into nomodaeum. 

14. Mouth serves for ingestion of food as well as egestion of undigested food. 

15. Digestion intracellular and intercellular. 

16. There is no separate body cavity or coelom because coelom separate from alimentary canal, as found in higher Metazoa, fe 
absent Thus these are acoleomate. 

17. There is no special organelles for respiration, excretion and circulation. Respiration and excretion through general body 
surface by diffusion. 

18. Nervous system is primitive consisting of neurons. The neurons are usually arranged as a nerve-net at the base of epidermal 
and gastrodermal layers, and the impulse transmission tends to be radiating. 

19. Sense organs may be simple or complex. In some eye-spots or stalocyats are found. 

20. Asexual and sexual both types of reproduction b seen. Asexual reproduction by budding. In sexual reproduction gametes 
are formed in gonads. Gonads are simple without any duct 

21. Cleavage holoblastic. Development indirect with a ciliated free-swimming stereogastrula, called the pianola larva. 

22. The life-history usually exhibits metagenesis in which free swimming sexual generation (medusa) and sedentary asexual 
generation (polyp) alternate with each other. 

CLASSIFICATION 

Pbylum-Codententa includes about 10,000 known species. About 5000 are known only as fossils. They are grouped into 

three classes: 


Class — I Hydrozoa. 
Class — II Scyphozoa. 
a ass — III Anthozoa. 


Class • I • Hydrozoa 


(Hydrozoa - Gr. Hydro = Water, zoon * animal). 


1. Mostly colonial and marine, a few solitary and fresh-water, sessile or free-living. 

2. They are tetramerous symmetrical or polymerous Symmetrical 

3. Members of this class are medusoid or polypoid or show both forms in their life-cycle. 

4. Mesoglea is acellular. 

5. Nematocysts occur only in the epidermis.- 

6. Gametes develop in the epidermis. 

7. Hydromedusae are usually small and planktonic. 


8. The asexual polypoid form arises from sexual medusoid form and the i.n 

metagenesis in the life-cycle of some hydrozoa eg., Obelia. ° 4nscs lhc fonner - *us exhibiting 

9. Naked solitary species eg. hydras probably stem from eariy polypoid forms which were not colonial 

10. Associated with colonial organization have been the evolution of a skeleton . 

11. Zygote undergoes complete cleavage and. hollow blastul, f ^ PP ° > andd,vls,0 “<»n.bour(Polymorphism). 

ectodermal cells acquire cilia and then thb stereogastrula chanflo “ to * so,id ste W*»tnila whose 

* * ' . Planula settles down, attaches 


I 
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by its anterior end to a substratum and by bedding forms the branched colonial polypoid stage. 

The class Hydrozoa is divided into five orders: 

Order (0 Hydroida 

1. Solitary or colonial. 

2. The polyps are more developed. 

3. Medusoid stage present or absent 

4. Sense organs of medusae are exclusively ectodermal. 

It is divided in following sub-orders: 

Suborder (a) Anihomedusae or A thee at a 

1. Skeletal covering, when present, does not surround hydrotheca. Freshwater or marine. 

2. Polyps are naked. 

3. Medusae are bud or bell-shaped. The gonads are situated on the manubrium. Stalocysts absent 
Examples: Hydra, Protohydra, Bougainvillea, Tubularia, Hydractinia etc. 

Suborder (b) Leptomedusae or Thecata 

1. Usually marine. 

2. Hydranth surrounded by theca. 

3. Medusa flatenned, bowl shaped. Gonads are present on the radial canals. Eyes pot and stalocysts are present 
Examples: Obelut, Sertularia, Plumularia, Aglaophania etc 

Suborder (c) Limnomedusae 
I’. Polypoid stage without perisarcal skeleton. 

2. Some only with medusoid stage. 

Example : Graspeda custa. 

Order (ii) HydrocoraUina 

1. Polypoid generation forming a coloney which secretes a massive calcareous skeleton having minute pores at the surface 
through which the polyps protrude. 

2. Polyps dimorphic, nutritive gastrozooids and dactylozooids. 

Suborder (a) Milliporina 

1. Skeleton covered by only a thin epidermal layer. 

2. Dectylozooids are long, hollow and with tentacles. 

3. Mature medusae lead an independent life. 

Example: Millipora. 

Suborder (b) Stylasterina 

1. Dactylozooids are small, solid and without tentacles. 

2. Polyps are symmetrically arranged. 
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3. Medusa develop in special spore sac and never free. 

Example: Stylaster 
Order (Hi) Trachylina 

1. Medusoid forms only, polypoid forms are absent or reduced. 

2. Medusa with a velum beneath the margin of the bell and the tentacle* inserted above the margin. 

3. Statocyst and tentaculocysts present 

4. The planula give rise to the adult through an actuuda larva. 

Order Trachylina is divided into two suborders: 

Suborder (a) Trachymedusae 
1. Sense tentacles in pits or vesicles. 

2 Gonads on radial canals. 

3. Margins of bell are smooth. 

Examples: Carmarina, Petasus. 

Suborder (b) Norcomedusae 
1. Sense tentacles not enclosed. 

2 Gonads in the floor of stomach. 

3. Margins of bell scalloped by tentacle bases. 

Examples: Cunina, Polycolpa. 

Order (iv) Siphonophora 

1. Fite floating or free swimming colonies, showing maximum polymorphism. 

2 Individuals attached to a linear stem ora drcnlar disc. 

3. A pneumatophore or float filled with air Is present at the top in some cases. 

4. Oral tentacles absent. 

5. Nematocysts large and powerful. 

6. Medusae incomplete, never free. 

This order is divided into two suborders: 

Suborder (a) Calycophora 
1. Pneumatophore is absent. 

2 One or more swimming zooids are present in the upper part of the coloney. 

Examples: Abyla, Diphyses, Praya. 

Suborder (b) Physophorida 

1. A laige pneumatophore is present at the upper end of the colony. 

2 Zooids are polypoid and medusoid. 
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Examples: Physalia, Halisiemma, Velella, Porp'aa. 

Class- U Scyphozoa 

1. Class Scyphozoa include large jelly fishes. 

2. Polyp stage is usually reduced or absenL 

3. Medusa are large, umbrella-shaped without velum. Perisarc is absent 

4. The sense organs are in the form of hollow tentaculocysts having statolith. 

5. The gastral tentacles are endodennal. 

6. Mesogloea enlarged and usually cellular. 

7. The gonads are endodennal and release the gametes in stomach. 

8. Stomadaeum is absent in the gastro-vascular system but gastric tentacles are present and the cavity is divided into interradial 
pockets by four ridges or speta. * 

9. Alternation of generation is seen in some. 

10. They arc exclusively marine. 

The class is divided into 5 orders. 

Order (i) Lucemarida 

1. Mostly found in cold littoral waters. 

2. Sessile and sedentary, attached to the substratum by the aboral stalk. 

3. Body is goblet or trumpet shaped. 

4. Mouth is four cornered with small oral lobes and a short manubrium. 

5. Tentacles are present in some, they are per-radial and inter-radial. 

6. The umbrella is cup-shaped. 

7. Gonads are long band-shaped lying on faces of septa. 

8. Larva is planula with cilia. 

Examples: Lucernaria, Haliclystus. 

Order (ii) Coronalae 

1. Free swimming forms living in deep sea. 

2. Body conical or dome-shaped divided into an upper cone and lower crown by a coronary groove. 

3. Solid tentacles are per-radial and ad-radial, 4 inter-radial rhopalina present , 

4. Four to sixteen tentaculocysts. 

Examples: Pericolpa, AloUa. 

Order (iii) Cubomedusae 

1. Free-swimming found in warm and shallow waters. 

2- The umbrella is four-sided and cup-shaped. 

3. Four hollow inter-radial tentacles and four per-radial tentaculocysts are present Each tentaculocyst with one or more ocdl i 
and a li»hocysL 
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4. A true vdum is absent 

5. Gonads are leaf-like and there is no alternation of generation in life-cyde. 

Examples: Chiropsalmus, Tamoya. 

Order (iv) Scmaeastomae 

1. Common free-swimming animals found all over the world. 

2. The umbrella is disc-like. 

3. Mouth surrounded by four oral arms. 

4. Eight or more tentaculocysts are present 

5. Gastric pouches and septa are absent 
Examples: Aurelia, Cyanea. 

Order (v) Rhizastomae 

1. Free-swimming forms found in shallow water of tropical and subtropical oceans. 

2. The mouth is obliterated by the growth across it of 8 very large and branched oral arms. 

3. The stomach is continued into the canals opening by funnd shaped apertures on the edges of the arms. 

4. Umbrella is saucer or bowl-shaped. 

5. Marginal tentades absent 

6. Tentaculocysts are 8 or more in number. 

Examples: Rhuostoma, Cassiopea, Pilema 

Class-Ill Anthozoa or Actinoza 


1. Exist only in the polyp form, no medusa stage. 

2. Differ from hydrozoan and scyphozoan polyp in possessing a stotnodaeum, paired mesenteries (their free ends bear coiled 
mesenteric filaments like the gastric filaments of scyphozoan but are partially ectodermal in origin). 

3. Body wall consists of ectoderm and endodera separated by a strong mesogloea having fibres and cells. 

4 ssxsr*™ u ^—■»*—*■ 

5 ' ta HydTO0 * ,Dd Scypb °“* ■" f0lmd " * ^-,1. Moaodaeaa 

6. Muscular system k wcll-devdop* onUintag bod, ectodenn.1 sud endodamd Bbrm , nd eudodcm.1 mU scuJe processes. 

7. Nervous system is a typical nerve net 

8. Gonads devdop in the mesenteries, sex cells are located <■ the . 

codenteron. ^ located. 1 , the endodenn. and sperm and ova are discharged into the 

9. The zygote develops into a pianola which after swimming freely for sornrHm, ^ 

adult form. y metime settles down and metamorphoses into the 

10. Exoept in one doubtful instance there is no alternation of generations. 

The da&s-Anthozoa is divided into 2 sub-classes: 
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SUB CLASS-1. HEXACORALUNA OR ZOANTHAR1A 

1. Solitary or colonial marine forms. 

2. Tentacles and mesenteries very numerous, arranged in multiple of six. 

3. Tentacles are simple, unbranebed, hollow cones. 

4. Two sipbonoglyphs are present and two pairs of directive mesenteries; the remaining mesenteries are generally arranged in 
couples with the longitudinal musdes of each couple facing one another. 

Order (i) Actiruaria 

1. The animals are commonly called sea-anemones. They are solitary or colonial, brightly coloured. 

2. Tentacles and mesenteries are numerous. 

3. Skeleton is absent 

4. One or more sipbonoglyphs. 

Examples: Mr iridium, Adams ia, Edwarsia. 

Order (U) Madreporaria 

1. The animals are usually colonial. 

2. Skeleton is external and calcareous. 

3. Siphonoglyph is absent 

4. Polyps are very small. 

5. These are stony corals. 

Examples: Corallium, Madrepore, Fungia, Meandra, Favia. 

1. Mostly colonial and some are solitary forms. 

2. The tentacles are umbranebed. 

3. The skeleton is usually of a calcareous nature but in few cases there is a homy axial skeleton. 

4. Polyps are small and often united by basal stolons. 

5. Mescntrics paired. Each pair with a complete and an incomplete mesentery. 

6. They have single siphonoglyph. 

Example: Zoanlhus. 

Order (iv) A ndpalharia 

1. These are compound tree-like animals. 

2. The tentacles and mesenteries are comparatively few (6-24) in number. 

3. The skeleton is present in the form of a branched chilinoid axis. 

4. Two sipbonoglyphs. 

Example: Amipaihes. 

Order (v) Cerianiharia 
1. The individuals are long and solitary. 
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2. Skeleton is absent 

3. The mesenteries are incomplete. 

4. Numerous, simple tentades are arranged in two wbolrs-oral and marginal. 

5. There is a single dorsal sipbonoglypb. 

Example: Ceriaiuhus, Pachycerianihus. 

SUBCLASS-2 OCTOCORALUNA 

1. Colonial marine forms. 

2. Only polyps no medusae. 

3. Tentades and mesenteries always eight in number. 

4. The tentades pinnate; i.e., produced into symmetrical branchlets. 

5. Never more than one sipbonoglypb, which b ventral in position, Le., faces the proximal end of the colony. 

6. The arrangement of mesenteries is not always in couples (or pairs) and all their loRgitndinal musdes are directed ventrally 

i.e., towards the same side as the sipboooglypb. 

This subclass isdivided into following orders: 

Order (i) Stoionifera 

1. Found in shellow waters. 

2. Polyps arising form a creeping stolon. 

3. Skeleton cither absent or of calcareous tubes or separate calcareous spicules. 

4. Found on coral-reefs in old and new world. 

Examples: Tubipora, Clavularia. 

Order (U) Telestacta 

1. Coloncy formed of simple or branched stems arising from a creep ii^ base. 

2. Skeleton of calcareous spicules. 

Example: Telesio. 


Order (iii) Alcyonacea 


1. The skeleton usu.lly consUU of akmwm .picute o, Ok spioU* become .gg^g.w „ « l0 fo[m 

2. Some forms may be dimorphic 


coherent skeleton. 


3. Body is branched with a central axis. 

4. Polyps embedded in fleshy cocnochyme. 
. Examples: AIcyonium, Gersemia. 


Order (iv) Coenothecalia 


1. Blue or brown corals found on coral reefs in the Indo-PaciGc waters. 

2. Skeleton massive, calcareous and blue-green from iron salts. 
Example: Helioporo. 



Order (») Gorgomacea 

1. The individuals are compound tree like. 

2. Skeleton is calcareous or homy. 

3. Spicules are present in mesogloea. 

4. Siphonoglyph is absent 

5. A central skeletal axis composed of a bora-like substance, the gorgonm. 
Examples: Gorgonia, CoraUium. 


Order (vi) Pennatulacea 


1. The coloney is usually elongated. 

2. One end of the coloney remains embedded in the mud at the sea-bottom while other end 
bean the polyps. 

3. The rachis is the axial polyp bearing numerous dimorphic polyps laterally. 

4. The skeleton is calcareous or homey. 

Examples: Pennatula, Rend la. Pier oides 


SERTULAR1A 

Phylum 

Class 

Order 

Suborder 

Genus 


Cocknlerata 

Hydrozoa 

Hydroidea 

Leptomedusae 

Sertularia 


1. It is a small branching coloney ocoin in shallow marine water on submerged objects or 
rocks. 


2. Hydrotbeca sessile Le., not stalked, with operada tn pain aloeg the stem being exactly n*ZJ.l 
opposite to each other. 


3. Hydro thecae are Urge, polyps retract within themselves. 


4. Gonangia are of simple form, much larger 
than bydrothecae, a few in a colony and 
present only in a certa in period of three year. 

5. Blastostylcs produce planulae and no free 
medusae. 

PLUMULARIA 

The classification is the same as that of Ser- 
tularia. 

1 It is a feather -like colony occun in shallow 
marine water attached to some substratum. 

2. The plume-like colony comes out from 
creeping bydrorbiza. 

3. A series of hydrotbeca are found on one side 
of the branches of the colony. 



Ptmmrnlmia A-Cok-ey. B-kOgaHW P^P 


Fig. 23-2 
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4. Hydro theca we small and without stalk and the polyps can be partly retracted within 
them. 

5. Special mouthless polyps known as nematophores are found which have long 
amoeboid projections. 

6. The gonangia are long and superficially resembling the spadix inflorescence. 


CAMPANUIARIA 

Phylum 

Class 

Order 

Suborder 

Genus 


Coclcnterata 

Hydrozoa 

Hydroidea 

Leptomedusae 

Campanularia 


1. It is a simple branched coloney found attached to submerged marine objects in 
shallow water. 

2. Hydrothecac, enclosing polyps, are bell-shaped usually stalked, without operculum 
and with or without marginal teeth. 

3. Annulated stem at the base of the branch. 



Fl*23.3 Ctmtpanulana 


4. Blasiostyle produces planulae and not medusae. 

5. Gonangium long and slender. 

6. Hypostome of bydranth or polyp trumpet - shaped surrounded by tentacles. 


HYDRA (TIN IA 


Phylum 

Class 

Order 

Suborder 

Genus 


Coe lente rata 

Hydrozoa 

Hydroidea 

Anthomcdusae 

Hydractima 


1. It is a small, marine hydroid found in shallow water attached to stones, sea weeds and shells. 


2. It is commonly found on Atlantic coast, U.SA., Europe and also 
found in Sanjuan Island. 

3. Zoo ids art of four types (a) Gastrozooid (feeding polyp), gonozooid 
(reproductive zooid), dactylozooid (protective zooid) and ten- 
taculozooid (sensory polyp). 

4. The hydrantbs arc simply mounthless and are called as dac- 
tylozooids. 

5. The dectylazooids have very short tentacles abundantly supplied 
with nematocysts. 

6. The dactylozooids are capable of very active movements. 

7. With the help of massive coenosarc consisting of a number of 
branches, Hydractinia form a firm brownish crust on the surfaces 
of dead gatropod shells inhabited by hermit-crabs. 

8. The association between Hydractima and hermit carbs a called as 
commensalism. 



Fl».214 Hydrmclinim 
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9. The hydroid feeds upon minute fragments of the bermifenb’s food and 
the hermit-crab is protected from its enemies by the presence of the 
inedible stinging hydroid. 

CERATELLA 

Classification is the same as that of Hydractina. 

1. It is a colonial, sedentary hydroid coclenterate. 

2. It is tree-like highly branched animal. 

3. It consists of a branching axis composed of many intertwisting and 
anastomosing tubes. 

4. Hydrotbeca covers polyp while gonotheca covers medosa. 

5. The zooids have scattered capitate tentacles. 

6. The medusae bear gonads on the manubrium and devoid of lhhocyles. 

7. Eye spots are present 


W 






FfcZlS 


OrauUa 


BOUGAINVILLEA 

The classification is the same as that oiHydraclinic. 



Fig. 23.6 Bovgotmillia 

1. It is a plant-like hydroid colony inhabiting in sea waters. 

2. Two types of zooids ate present the polyp or bydnnth and medusa. 
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3. Polyps arc vegetative responsible for nutrition and food catching, while medusa 
is reproductive in function. 

4. Hydrotheca and gonotheca coverings are absent on polyps and medusae respec¬ 
tively. 

5. Polyp is beset with a single drdet of filiform tentades which surrounds the 
hypos tome. 

6. Medusa bears four radial canals and a wide vdum. 

7. On the manubrium of medusa develops the gonads. 

MILLEPORA 

Phylum - Coclenerata 

Class • Hydrozoa 

Order • Hydrocorallina 

Suborder , - Milliporina 

Genus - MiUqjora 

Fig. 2X7 Mille,port 

1. Marine colonial form found in tropical seas and assodated with other corals. 

2. Ectoderm secretes a calcareous yellowish or white skeleton of perisarc. 

3. The dried coloney is perforated by numerous pores. These are of two different sizes; large gastropores and small dactylopores 
which surround the gastropores. 

4. In living specimens two types of zooids - gastrozoods and dactylowids which prohide out of these pores. 

5. Gastrozooids are feeding zooids, having 4-5 short knobbed tentacles. The dactylozooids are prolcctivc'zooids with capitate 
tentacles having ncmatocysts. 

6. Pores lead into canals which forms network in cocno&arc. 

7. Medusae with 4 or 5 rudimentary tentades. These are free, simple and originate from cocnosarc. 



STY LAS TER 


Phylum 

Class 

Order 

Suborder 

Genus 


Coclcntcrata 
Hydrozoa 
Hydrocorallina 
Stylastcrina 
Sty Iasi er 


1. It is highly branched, tree-like, deep pink coloney found in tropical y *' 

and subtropical seas. ^ 

2- Numerous upright branches of calcium carbonate. 

3. On the branches are cup-shaped projections formed of several 

4. Gastrozooids situated in the centre, while dactylozooids are in the 

5. Gonophores or reproductive zookls are lodged in a special cham- A 

ber o. ampulla of the cor*,. ^ ^ 

6. From the horizontal partition, at the bottom of each cup, projects 

• calcareous projection called style, hence the generic name Stylaster is given. 



■mpolU 




I; m 


iJ 

!?•?#/ 
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7. The young sets free in the planula stage which 
later on metamorphoses into a new colony. 


GONEONEMUS 


Phylum 

Class 

Order 

Genus 


Coclententa 
Hydrozoa 
Trachylina 
Gone one mus 


1. It is a medusa found in bottom of sea water. It 
is cosmopolitan in distribution. 

2. It is like the medusa of Obelia and generally 
bell-like or saucer-shaped. 

3. The convex outer surface of the bell is known 
as cxumbrclla while the concave inner surface 
is subumbrclla. 



Fig. 23.9 Gtmto*emuj A—Section toibowinierul structure. B— 

S«b»mbrclUr »ldf 


4. From the centre of the concave or subumbrella surface bangs down a short, hollow and quardrangular process known as the 
manubrium bearing four brief frilled oral lobes surrounding the mouth. 

5. The rim of the margin of the medusa bears numerous 16 to 18 highly contractile tentacles provided with belts of nematocysts 
and adhesive pads. 

6. The adhesive pads are generally situated at the bending on each tentacle and helps in anchoring to marine plant at rest. 

7. The gonads are situated on four radial canals and medusae are 
unisexual. 

8. Planula develops into small polyp which has mouth, tentacles 
and is known as haleremiie. 

9. The haleremiie reproduces asexually and gives rise to planula- 
like buds which arc nonciliatcd and are called frustules. 

10. The frustules develop into new polyps which from external 
side bud off gonopbores. These naked gonopbores give rise to 


medusae. 

HALISTEMMA 

Phylum 

Coclenterata 

Class 

Hydro/oa 

Order 

- Sipbonophora 

Suborder 

Pbysopborida 

Genus 

Halistemma 


1. It is a polymorphic colony found floating on the surface of sea 
in Mediterranean. 

2. Uppermost end of the stem possesses an ovoid bubble-like 
body, containing air. known zs float or pneumaiophore. 

3 Below the pneumaiophore. there is a series of unsymmctrical 
medusae, called nectocalyces each having a deep bell-like 
body with a ncIuih and without manubrium. 



F»g 23.10 


a—C olony. B-C«-Wiw 
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4. Swimming bells or neciocalyces contract, drawing water into their 
cavities and pumping it out to propel the whole organism through 
water. 

5. Stem underneath divides into nodes and intemodes. 

6. Below certain nodes vise polyps with a long, branched tentacle and 
bearing batteries of "stinging capsule". 

7. In the remaining nodes, dactylozooides ox feelers take the place of 
polyps. 

8. Below these dactylozooids are sporosacs, some are males and other 
females. 

9. Delicate leaf-like, transparent bodies, the bracts or hyd/ophylia, 
spring from intemodes. 
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Class 

Order 

Suborder 

Genus 


PHYSAUA 

Coelenterata 
Hydrozoa ^ 
Siphonophora 
Physophorida 
Physaha 


smaller 

daciylozooidi 


1. Il is a marine, pelagic, polymorplic hydroid. 

2. It is found in the gulf stream from Florida to Vineyard Sound and Fl * 23 ' 1 * 
occa&sionally to the Bay of Fundy. 

3. It is commonly called 'Portuguese man of war*, because it has a large, brilliant colour pneumatophore or float which is like 
the cap of Great Napolcan. 



larger 

daaylor^oids 


4. The dorsal side of float is called crest or sail. 



5. The float is filled with a gas. The composition of the gas is 85 - 91% nitrogen. 1.5% argon and 15 - 13 5% oxygen. 

6. The float or pneumetopbore has a pore called pneumatopore. 

7. The swimming bells or neciocalyces are absent. 

8. Hanging from the underside of pneumatophore are three types of zooids: 

(i) Gastrozooids are nutritive zooids without tentacles. 

(ii) Blastosiylcs arc reproductive zooids containing serveral medusae. 

(iii) Dactylozooids are the protective zooids with tentadcs and nematocysts. 

9. The female gonophorcs are medusoid and swim free, while male ones are 
small and remain attached. 

10. The sting of Physalia is very poisonous and the nematocysts are so highly 
poisonous as to cause danger to man. , 

PORPITA 

The classification is the same as that of Physalia. 

1. Porpaa is . m.riK codatentt found usually on SouU, AUsntic Cow and 


Fig. 23.12 Porpita 
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occasionally near U.K. Coast 

2. The Doal is very large, circular and disc like (like ibe float of Physalia). 

3. The colony consists of disc-like body enclosing a chambered chitinoid shell. 

4. It exhibits the remarkable phenomenon of polymorphism. 

5. Long dactylozooids or tentacles are present around the disc. 

6. The under-surface is beset with gonozooids or blastostyles provided with mouth 
bearing the medusae. 

7. The single gastrozooid is present in the centre of disc on ventral side as 
Velella. 

8. Crest is wanting. 

VELELLA 

The classification is the same as that of Physalia. F 'fr 231 5 Volella 

1. It is a beautifully coloured pelagic form found in warm water. It is common is Pacific coast. South Atlantic Coast 

2. Body rhomboidal with a medusa - like appearence. 

3. Pncumatophorc dorsal, in the form of a chambered chitinous disc and bears a vertical crest like ridges. 

4. Hanging from the centre of the under surface is a single large gastrozooid which is surrounded by numerous gonozooids 
which give oil medusa - buds. 

5. The gonozooids are devoid of tentacles. 

6. Dactylozooids hang down from the rim of the disc forming a cmuUi fringe. 

7. It is incapable of sinking down by altering the gas contents of the floaL 



LUCERNAR1A 

Phylum 

CoelenteraU 

Gass 

. Scyphozoa * 

Order 

. Luccrmnarida 

Genus 

. Lucernaria 



1. 

2 . 


5. 

6 . 

7. 


It is a sccntary, sessile animal found on British Coast 

Body b trumpet-shaped or conial differentiated into aboral 
exumbrclla and oraj subumbreHa surface. 

Exumbrella surface drawn out into a short, cylindrical sulk 
used for attachment to sea-weeds. 

Margin of umbrella drawn into 8 short and hollow adhesive 
lobes or adradial arms. 

Each arm bears a cluster of knobbed adhesive tcnucles. 
Mouth b cruciform (four cornered) with small oral lobes and 
a short manubrium. 


twin/U dusien 



Gastrovascular system consists of central stomach and four ^ ^ Uttnaria A _o„i view. B-4i<k view 
perTadial pouches divided by four interradial scpU. 


8. Gastric filaments numerous. 


I 
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9. Gonads are band-like borne on septa. 

10. Marginal adhesive gastric pits and velum art absent. 

CHARYBDAEA 


Phylum 

Gass 

Order 

Genus 



TINT ACU* 

Fig- 23.15 Ckar^La. 


Coelenterata 

Scypbozoa 

Qibomedusae 

Charybdaea 


*• "“* m,rine * nim,l '" Ui0 ““sk.lloww.tosof tropicl ritd subtropic .1 region. 

2. It is an active swimmer and swim through the water appearing beautiful. 

3. These resemble a deep bell with somewhat flattened top and square in transverse section. 

4. The margin of the umbrella bears 4 tentades and 4 tentaculocysts. 

5. The tentades are interradial and tentaculocysts are pern dial. 

«. The tenUculocysts .re set in deepen,, notches ritd th e tenudes .rise from geUtinous lobes 

7. The tcnUculocysls „e very cotnpie., «.ch be.ring . lithoeys. ,nd seven! cyc . spols 

8. The -origin of rhe umbteli. is Reduced mto . Wse vdun, like the vei.riun, of Aurelia. 

9. The nervous system * present in the form of nerve ring round the .origin of bell. 

PERICOLPA 
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Phylum 


Coelenterata 
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Class 

Order 

Genus 


Scyphozoa 

Coronatae 

Pericolpa 



Fig. 23 .16 Panto!pa. 


I. It is a beautiful marine solitary medusoid animal. 

\ It is cosmopolitan is distribution. but abundent found in Greenland. 

3. Umbrella is divided into apical cone and marginal crown by a furrow. 

I Marginal crown is divided into a series of pedal lobes and series of marginal lappets by a second horizontal funow. 
5. Marginal lappe ts and pedal lobes are present in same radii, 
r*. Tcntaculocysts arc present on four intemdia! pedal lobes. 

7. Large mouth opens into the stomach by manubrium. 

CYANF-A 


Phylum 

Class 

Order 

Genus 


Coelenierata 

Scyphozoa 

Semaeostomcae 

Cyanea. 



Phvhim-Coelenierata 
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!. It is it.« targe*!, solitary, bioluminescent and marine medusa. 

2. It is found in the costal waters of America, Pacific ressi and polar region' 

.V it is commonly called as ’sun-jelly* or ’sea - blubber'. 

•I Umbrella dome - shaped or saucer - shaped with margin scalloped into eight lappets having eight rhopalia. 

5. Subumbrclla carries four long oral arms and eight V-shaped bundles of tentacles, the marginal tentacles. 

b. Four gondas, placed between oral arms and tentacles. 

7. Circular canal absent. Radial canals branch profusely and extend into 
rhopalia and tentacles. 

X. It produces burning sensation. 

RB1ZOSTOMA 


Phylum 

Class 

Order 

Genus 


Coelcntcrata 

Scyphozoa 

Rhizostomae 

Rh'uostoma 


1. It is inhabitant of shallow water in tropical and subtropical zones, some¬ 
times, in temperate zones. These are also found in Indo-Pacific region and 
North Carolina. 

2. The colour varies. The colour of umbrella is pale green with a deep reddish 
margin, arms bright blue. 

3. The marginal tentacles are absent 

4. The original four arms become divided longitudinally into eight. 

5. The mouth is one in young but it is replaced by numerous small "suckine 

mouths” in adult which lie along the lips. b 

6. Lips act as organs for external digestion. 



Fig. 23.18 
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7. It feeds upon small animals like fishes elc 

8. The mesogloea of the medusae of Rhiiostoma is neither gelatinous nor mucilaginous. The 
entire medusa contains 91 to 96% water content 

9. The umbrella is about 2‘ in length and specimen is about 4*. 


EDWARDS IA 

Phylum 
Q ass 
Subclass 
Order 
Genus 


Coelententa 
Anthozoa 
Hexacorallia 
Act inaria 
Edwards ia 


1. It is a small, solitary, marine animal, buries in sand. It is found in U.S.A., Southern California 
and North of Cape Cod. 

2. Body is elongated and is differentiated into oral disc and column. 

3. Oral disc is short and carries centrally placed mouth and a circlet of 16 tentacles arranged in 
two rows. 

4. The cylindrical column has three parts, the capitulum, scapulus and scapus. 

5. The body surface has 8 longitudinal ridges and the posterior half of the scapus contains rows 
of nematocysts called as ncmat/tybomts. 

6. The basal part or physa is demarcated by limbus from scapus. 



7. Siphonoglyphs and mesenteries are 8 in number are present Fig. 23.19 t:d»or,; a 

8. Septa are in primitive condition consisting of 8 macrosepta and more than 4 microsepta. 



9. The young of Edwardsia is parasitic in Ctenopbore. 


CKRIANTHUS 


Phylum 

Class 

Subclass 

Order 

Genus 


Coclcnterata 

Anthozoa 

Hexacorallia 

Ceriantbaria 

Cerianthus 


1. It is found along the Pacific and Atlantic Coast. Cape Cod to Florida. Bay 
of Fundy and Mediterranean. 

2. The form resembles a sea anemone and has cylindrical elongated body but 
without pedal disc. 

3. The oral region has numerous tentacles about 130 arranged in 2 rows, the 
marginal whorl of tentacles and inner circlet of tentacles. 

4. The lower end is round and has terminal pore. 

5. Pharynx has only one siphonoglypb. 

6. The ectoderm secretes long tube of mucus in which the animal lives and 
the tube is fixed in soft, sandy or mud sea bottom. 


7. On the tube sand particle are deposited so it becomes hard. 


Fig. 23.20 Ctrianihus. 
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Phylum 

Class 

Subclass 

Order 

Genus 


ZOANTHUS 

Coelenterata 

Anthozoa 

Hexacorallia 

Zoantheria 

Zoanihus 


oraldbe 




1. II is a colonial form found attached to rocks or corals, sponges, 
shells etc. 

2. It is found is West Indies. 

3. Body is differentiated into column and oral disc having mouth 
and marginal tentacles. 

4. Cylindrical, small polyps arise singly from a network of stolon. 

5. Tentacles are numerous. 48-60 in number arranged in one or two 
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6. Mesenteries paired consisting of both micro- and macro-mesenteries. 

7. Single siphonoglypb present 

8. Sexes arc separate and asexual reproduction by budding. 

MADREPORA 


Pbbylum 
Gass 
Sub class 
Order 
Genus 


Coelenterata 

Anthozoa 

Hexacorallia 

Madrcporaria 

Madrepora 


1. It is a colonial, symbiotic and marine coral found in West Indies and Florida. 

2. It is commonly called as 'bom coral* and plays an important role in coral-reef 
formation. 

3. Coloney is branched with numerous, small crowded polyps in elevated cylindrical 
cups separated by coenosteum. 

4. Terminal polyps contain 6 tentacles and lateral polyps with 12 tentacles. 

5. Internally mesenteries are bilaterally arranged and 
cocnosarc contain a network of canals. 

6. Sometimes small crustaceans are found in association with 

MEANDRINA ^ 

The classification is the same as that of Madrepora. fs 

1. Colonial form inhabiting the coastal waters of West India, 

Asia and America. 



FI*. 2322 Madrepore. 


2. It is popularly known as ‘brain-coral* since resembles the 
human brain due to the presence of long curved grooves 
and ridges. 


Fig. 2323 
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3. The colony is large and is composed of lime sione sealed by ectoderm. 

4. Polyps bear separate mouth, tentacular fringe, septa and\esentrrics. 

5. Polyps remain confluent in the living condition. 

FAVL\\ 

The classification is the same as that otMadrepora. 

!• Faria is a massive stony red building coral. 

2. It is commonly found in Florida and West Indies. 

3. Favia has a compact and huge colony produced by buds. 

4. The surface of the colony has closely placed polygonal cases or cups. 

5. The cups are so near to each other as to have common boundries. 

6. The skeleton which is very bard, is made up of calcium carbonate material and 
secreted by ectoderm for support of delicate tissue. 

7. The polyp is like that of sea anemones which contract in cups and ate without 
siphonoglyph. 

8. Columella present. 

9. The Favia is apornsc corals as the various parts of coral and solid and 

itonv. 


FUNCIA 

The classification is the same as that of Matlrepora. 

1. It is a solitary and marine coral found in warm sea. generally in Gulf of 
California. 

2. It is commonly called as 'mushroom coral*. 


3. The coral is fiat and discoidal, the theca is confined to the lower surface 

and small calcareous rods and synapticulac, which connect septa with one another. 


Fi*. 23.25 Fangio. 


4. Adult animal contains a single large polyp with numerous tentacles. 

5. Siphonoglyphs are absent. 

6. The life-history includes planula larva which metamorphoses into adulL 

7. Reproduction by monodisc strobilalion that is plate-like structures are separated off 
one by one from the top of corallitc. The broken disc arc called amhocyamhus and 
develop its adults. The remaining broken part is called aniliocaulus which grows 
again into new disc and is set off. 

ASTRANGIA 

The classification is the same as that of Madrepora. 

1. It forms small encrusting colonics and found on rocks and shells. 

- Asirangia is found along the coasts of Atlantic and America. 



2. Colony consists of tbcca and polyps. 


Fig. 23 » Asirangia. 
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3 . Pd4s arc white pinkish or greenish in colour. 

4. ZooMtc more or less isolated with six sepata of the first cycle, 

six of the second and fourth cycles. 

5. Mouth is present on the oral disc, which is surrounded by double 
rings of tentacles. 

6. Bigger polyps have three cycles of tentacles mostly 12 larger 
tentacles alternating with 12 smaller tentacles. 

7. It feeds on crustaceans and small fishes. 


Coelenterata 

Antbozoa 

Octocorallia 

Gorgonaria 

Gorgonia 


Phylum 

Class 

Subclass 

Order 

Genus 


1. These are present in all the seas attached to rocks and stones in • K®“ b 

shallow waters. A/jvbaiafM 

2. It is commonly known as 'sea-fan*. j WL -- «uik 

3. It is yellowish or brownish colony with upright branches consist- p«4*Jdi* 

ingofan axial rod extending throughout the coloney along all the 

branches. • • A 

4. The Skelton is made up of a flexible substance gorgonin and Fig. 23.27 Got go*'a a — Colon*. B— a portion 

calcareous spicules embedded in mesogjoea. ' 

5. Polyps or anthocodia are retractile and present in rows on both the sides of the branches. 

6. Sexes are separate. * 

7. The dried skeletons of the colony are used in decorative art. 


TUBIPORA 


Coelenterata 

Antbozoa 

Octocorallia 

Alcyonaria 

Tubipora 


Phylum 

Class 

Subclass 

Order 

Genus 


pUtfonni 


1. It is a marine, colonial animal found in shallow water of tropical and temperate 
regions. 

2. It isTound abundantly in shallow waters of Atlantic, Indian and Pacific oceans. 

3. It is commonly called'organ pipe coral'. 

4. Coloney consists of long, parallel and upright tubes dosely fined, and joined together 
at definite interval by horizontal calcareous tubes. 

5. The polyps are bright green and secrete these tubes. 

6. The skeleton is internal and is covered by ectoderm in living condition. 


Fig. 23.28 Tybibora. 
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tmhocodii 


cocnenchyrec 


Corolliuiu. 
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7. The mcsogloeal spicules become closely fined together and form a 
continuous tube for each polyp. 

8. Asexual reproduction by peculiar budding. The base of original polyp 
expands from which new polyps originate. 

CORALLIUM 

The classification is the same as that of Tubipora. 

1. It is a colonial marine animal commonly found in Mediterranean at a 
depth of 10-30 fathoms. Cape Verde Island, Japan, Italy etc 

2. It is commonly called 'red coral*. 

3. The colony is upright and branched and is supported by calcareous axis 
of fused spicules. 

4. The colony is dimorphic as there are two type of zooids (I) nutritive 

zooids, the autozooids and (ii) for circulation of water in the colony, the 
siphonozooids. Fig. 23.29 

5. The zooids are white in colour and the colony is dark red due to the presence of red calcareous spicules. 

6. Gonads are borne by sipbonozooids. 

7. Planula develops inside the zooids and so that vivipary is found in Corullium. 

8. The Cora I Hum is of great economic importance as the precious red coral of commerce known as r?d moonga in N. India 
which is obtained from this animal. 


ALCYONIUM 

The classification is the same as that of Tubipora. 

1. Alcyonium or Dead man's finger is found attached to stones or rocks in sea 
water. 

2. Cosmopolitan is distribution, but mostly found in temperate and cold water of 
sea. Commonly found in long Island and St. Lawrence. 

3. Colony of short and thick leathery lobes attached to stones. 

4. Long polyps with tentacles except those of the outer end, polyps with tentacles 
can be contracted and everted. 

5. Coenenchymc (mcsogloea or soft parts of an alcyonarian colony), flesh and 
spicules present 

6. Colour of the colony is redisb or yellowish; length is 4 to 10 cm. 

7. The skeleton consists of calcareous spicules. 

8. The food (In A. digitatum) consists of various fine fragments of muscles offish 
but they may reject many kinds of fish ova (according to Prau). 

9. Gland cells occur in stomodaeum and it is probable tbet they secrete a fluid for 
digestion. 

10. The polyps are arranged on the upper part of the colony, and the lower part is sterile. 



Fig. 2330 Alcyonium. 
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HELIOPORA 

The classification is the same as that of Tubipora. 


i the Indo-Pacific 


1. It is a marine, sedentary coral found on coral reefs 
ocean. 

2. It is commonly called as ‘blue coral* because of the bright blue skeleton. 

The blue colour is due to iron salts. 

3. Its massive skeleton, composed not of spicules but of crystalline Gbres 
of arragonite fused into lamellae. 

4. Skeleton is perforated by large pores through which ordinary polyps 
project out, Ind smaller pores through which sipbonozooids project out 

5. It is traversed by tubular cavities of two sizes, larger cavities - few in 
number open out through large pores. Smaller cavities open out through small 
pores. 

6. Surface contains flat coenenchyme, which contains solenial network connected 
to middle region of the polyp and also with erect solenial tubes. 

7. Polyps dimorphic, large ordinary zooids and small sipbonozooids. 

PENNATULA 





FI*. 23.31 Hetiopora. 


Phylum 


Coelenterau 

Class 


Anihozoa 

Subclass 


Octocorallina 

Order 


Pcnnatularia 

Genus 


Pennaiula 


1. It is found fixed deep is muddy bottom of the sea. It is commonly found in 
Europe, South California northward, Gulf of SL Lawrence to Carolina. 

2. It is commonly called 'sea pen*. 

3. Colony is divided into two parts: (a) stalk, which is embedded in sand or mud 
and (b) an upper part, called the rachis or homy axis. 

4. Rachis is elongated with paired lateral leaves or pinnulae. 

5. Lateral leaves or pinnulae long, from 20 to 25 in number on each side. 

6. Polyps, arranged on homy axis, are of two types:- 



Fig. Z332 Pmnarula. 


(a) Autozooids, whose function is nutritive, are situated side-by-side as regular lateral branches giving an appearance of a 
feather. 

(b) Siphonozooids, which maintain circulation of water in the colony, are situated on the back of the axis. 


RENILLA 

The classification is the same as that of Pennaiula. 

1. It is a marine, colonial torn, found in shallow waters of Iht Carolina Coast, California Coast and West Indies. 

2. Colony composed of a small peduncle which lie embedded in the mod and a kidney-shaped rachis. 

3. Rachis has a broad ventml surface devoid of polyps and a dorsal surface covemi with autozooids and siphonozooids. 
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Fig. 23 JJ ArmiMs. 

4. Autozooids or anthocodia Ik scattered on the dorsal surface and are nutritive in function. 

5. Siphonozooids arc arranged in groups and maintain the circulation of water within the colony. 

6. A median bare ‘track' devoid of polyps extends from the peduncle to about the middle of 
raebis, where it terminates at a special exhalcnt sipbonozooid. 

7. Axial skeleton absent 

VIRGULARIA 

The classification is the same as that of Pennaiula. 

1. Virgularia or “walking slick” is found partly embedded ui warmer water having a muddy 
and soft bottom. It is found along Pacific Coast 

2. The rachis is long and elongated like a walking stick. 

3. The elongated body is divisible into two parts, a stalk and the rachis. 

4. The polyps arranged in transverse rows at regular intervals and arc slightly fused and arise 
from the rachis. 

5. The stalk is without polyps. 

6. The stalk is thrust into the muddy bottom. 

7. The distal rachis stand straight outside water. 

CAVERNULAR1A 

The classification is the same as that of Pennaiula. 

1. It is a colonial, marine animal found along the Atlantic Coast 



Fig. 23.34 Virgularia 
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2. Body is divisible into a proximal stalk or stem which is devoid of anthocodia ana 
a distal rachis having secondary polyps. 

\ The colour is blue or violet, may be yellowish or greenish. 

4. Anthozooids and siphonozooids arc irregularly distributed all over the raebis. 

5. Anthozooids having tentacles and gonads. 

6. Cocnosarc is fleshy and traversed by coenosaical canals and contains long spicules. 

7. It is a bioluminescent, emits light 



23 JS C^o,W 




HYDRA 


Hydra belongs to the family Hydroidae and is characterized by the complete absence of perisarc and the presence of hollow 
tentacles. Some of the important species of Hydra comprise: 

(i )H. vulgaris. Nearly colourless and common all over India. Tentades are slender and not longer than the body. 

(iiW. vi rids (Chlorohydra virisdissima). It is the common green hydra because of the presence of symbiotic algal organism, 
chlorella vulgaris in the cells of the gastral epithelium. It has not yet reported from India. 

(iii) H. fusca. It is a pinkish yellow or brown in colour and occurs in few parts of India. 

(iv) W. gangetica. It is commonly found in ponds along the river Ganga in India. 

Hydra americana has shorter tenuclu than the column H. psrudoUgaais has distinct sulk at the basal end. H. oUgaai r 
lacks nipples on the testes. 

The name Hydra was given after a mythological nine beaded scaly, winged armoured fire breathing monster slain by 
Hercules. 

SYSTEMATIC POSITION 


Phylum • Coelentcrata 

Class - Hydrozoa 

Order - Hydroida 

Suborder - Anthomedusae 

Genus - Hydra 


Habits and Habitat 

Hydra lives in fresh-water ponds, lakes and streams atuchedTo submerged 
water plants, rocks or other objects through its adhesive basal due. It « cos¬ 
mopolitan in distribution and prefers cool. dear. 

While feeding, the body and tenudes stretch m search of ftvxf When debuted, 
the body gets contracted into a circular knob-like structure. If the animal is taken 

S=sas=sss=sB=SS 

worms and molluscs. It multiplies sexually as well as asexually. 

Collection 

""co‘nU^- ° f ^ W1,Cr - T ° 



Fig-24.1 Hydra. Coil/acied aid «leaded 
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separate them from the twig, a jet of water from 
pipette will separate them. When they are ex¬ 
tended, they may be fixed in Bouin’s fluid and 
stored in 70% alcohol. 

Morp' logy 

S’ e. Hydra is easily visible to the naked eye. 

Ilssiz ranges from 2 to 20mm. in length. The great 
variation in length is due to the remarkable power 
of contraction and expansion possessed by it 

Colour. Colour varies from species to species. 

Hydra vulgaris is almost colourless, Hydra oligac- 
lis is brown, while Chlorohydra viridissima is 
green. The green colour of the last named species 
is due to the presence of a unicellular green alga 
(Chlorella vulgaris) in the cells lining the digestive 
cavity. Colour of Hydra often depends on the 
nature of food and hence cannot be used in iden¬ 
tification of species with certainty. 

Form. The body of Hydra has the form of a 
tube. Its proximal end is closed by flat disc termed 
the basal disc or fool. The latter fixes the body to 
the substratum by a sticky secretion and also helps 
in locomotion. It has in some species a pore which 
remains closed during attachment. The distal free 
end of the body has a small conical projection, the 
hypostome or oral cone, perforated at the apex by 
a circular aperture, the mouth. A ring of 4-12 fine 
hollow processes, the tentacles, surrounds the base 
of the hypostomc. The number of tentacles differs 
between species and increases with the age of the 
animal. The size of the tenUdes also varies with 
the species. They arc shorter than the body in Fig. 24.2 Hydn 
Chlorohydra viridissima, slightly longer than the 

body in Hydra vulgaris and much longer than the body in Hydra oligaais. The tenUdes arc highly extensible and may stretch 
out from short blunt projections to extremely thin threads 7 an. or more long and hardly visible even with a lens. They are 
primarily meant for catching food, but are also used for locomotion. They are between the basal disc and the hypostomc in the 
body proper or column. 

• Often one to several buds are found in the column region, and these in turn may bear buds before detachment from the 
parent. In this way a sort of primitive Hydra colony is formed. In H. otigaclis, there is a definite budding zone. Others less 
conspicuous structures that may be occassionally seen on the external surface of the column indudes reproductive organs i.e. 
testes and ovaries. Testes are papillated conical devations, situated near the bypostome while the ovaries are knob-like, usually 
located near the basal end. Reproductive organs are particularly prominent in the autumn and winter. 

Histology 



A longitudinal section of bydn shows a central cavity-the ganrovoscu lor caviry or coelaueron, surrounded by a wall formed 
of two cellular layers, the ectoderm and endoderm. As these two terms are generally limited to embryologiol stages, as such In 
coelententes, the two epilheli. ate now prefened lobe called as epidermis.nd gastrodrrmis^Hyman. 1940)."He epidermis and 
gasltodemus are joined together by a oomcellu m gelatinous layer, oiled Ok merog/oen. Thus Hydra is diploblas'ic animal in 
contrast to htgher animals wh.ch are tnploblastro TenUdes also posses these body layets. Both body and tenUdes are hollow; 
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at the base of tentacles are present sphincters that 
are capable of shutting off the connection between 
the body cavity and the tentacular cavity. This 
arrangement prevents the entry of injurious 
material into the tentacular cavity from within the 
gastrovascular cavity. 

Ectoderm: As slated already that Hydra is 
diploblastic i.e. made up of two layers: the ec¬ 
toderm and, the gasterderm. Ectoderm is further 
composed of various cells given under the follow- endodenn 
ing sub heads: 

(i) EpUheliomuscular cells. Epidermis is lar¬ 
gely composed of cells of this type. They art cone- 
shaped, large-sized, having their broader part 
outside and inner part drawn out into contractible 
processes called muscle tails, these lie just outside 
the mesogloca and resting over it The broader part 
of a cell press against those of neighbouring cells, 
thus epidermal cells form a continuous layer over 
the body surface, while the nanow inner parts leave 243 

nanow spaces between them. The outer border 
bears fine membrane-bound mucous granules that secrete 
a thick filamentous protective material outside. The 
cytoplasm of the cell has smooth and rough endoplasmic 
reticulum, free ribosomes, Golgi complex, number of 
mitochondria and quite a few intracellular space, and 
vacuoles. The adjacent cells are connected by septate des- 
mosomes. Muscle-tails have longitudinally running con¬ 
tractile fibres, the myofilaments, that branch and 
anastomose, and one or more non-contractible supporting 
fibrils called tonofibrils. Longitudinal arrangement of 
muscle-tails allows contraction of the body along the long 
axis. Fine microtubules run parallel to myofilaments. They 
are believed to carry ions or water during contraction. 

These epitbcliomuscular cells show variation in dif¬ 
ferent regions. In tentacles, the cells are large and have 
numerous cnidoblasts and more apical mucous glands w.,u 
more elaborate endoplasmic reticulum. In the peduncle 
region, the cells arc small and cuboidal and contain few 
intracellular spaces having mucous granules and irregular 
masses. 

(ii) Glandulomuscular cells. The epitheliomuscular 
cells of the pedal disc are specialised to secret adhesive 
material to provide attachment to the substratum. The .nte- 
rior of these cells is filled witL mucous granules which are 
elaborated by Golgi complex. The endoplasmic reticulum 
is well developed. The basal region of the cells have smaller 
mucous granules wbUe the apex has larger ones. 
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(iii) Interstitial cells. In between the narrow ends of ^ ^ //>t4r0 *ciioe of iu body .»d u.uck*. 
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the cilium. The modified cilium consists of nine peripheral and more (ban Iwo central 

du<* mucoui layer miawilb 


membrane is notched to form a collar for 
fibrils. Their inner ends are drawn out not 
into muscle-tails but into thin modulated 
fibres. Small rooting fibres radiate out 
from the basal granule of the cilium. 
mitochondria, endoplasmic vesides and 
microtubules arc present 


myofibncnu 


EfHihtlio - cuticle cell. A—Uatfer ligki miciOKOM. D_ 
Uclcr electro* aicroocope. 


cpitheliomuscular cells, there are empty spaces (interstice) 
which are filled with small cells called interstitial or for- 
motive or packing cells. They are looked upon as 
embryonic cells, reminiscent of the archeocytes of 
Porifera, and arc capable of giving rise to other cells of 
epidermis as well as forming nemalocysls. At certain 
periods of the year some develop into reproductive cell. 
Thus interstitial cells play an important role in regenera¬ 
tion, growth, budding and sexual reproduction. 

(iv) Sensory cells. These arc tall, narrow cells scat¬ 
tered amongst the epithcl iomuscular cells and project over 
the surface by the single sensory cilium with rooting fibres 
lying in the cytoplasm. At the apical surface of the cell, 
which reaches the surface of the body, the plasma 


*ion of nerve 


Fig. 24.5 


DUgnmmaiic lo*gji«die»l tectioo Ikrongk ihc body-wall 
of Hyd/a. 


The detailed study with the help of 
electron microscope shows that a single 
cilium-like process, the apical cilium. 
with 94-2 fibrillar pattern occurs in the 
apex of cell which is surrounded by a cell 
membrane. The basal end of the sensory 
cell either rests on the nerve cell or b 
connected to its process. 


Fig- 24.6 


(v) Nerve cells. The nerve cdls or 
ganglion cells arc small and elongated 
having one or more processes. They are 
situated at the base of the cpitheliomus 
cular cells just above their muscular process. They arc derived from the interstitial cells of epidermis. Each nerve cell consbts 
of a small cell body w,th the nucleus and gives off two to several nerve processes or neuritis. The neuritis of adjacent nerve cells 
do 00 . fuse bo. only touch ccb other The nerve cells of the whole bod, .re linked op b, synoptic contorts to fom, . sort of 

!Te' T ,OClJO,Vlri '' ,wo 01 «~1» «f Golgi complex, m.ny sm.ll .„d 

Urge fluid bUcd v^ cles ,nd microtubte which extend into nerve process^ o, neurities. The l.tte. conuin ribosomes 
mitochondira. fluid-filled sacs and microtubules. The nerve cells of the basal part i 
devoid of microtubules. 


are 


(vi) Germ cells. During summer, the interstitial cells in certain restricted regions 
of the body repeatedly divide and proliferate reproductive cells forming gonads 
which later differentiate into either testes or ovaries. 

( vii ) Cnidoblasts. Cnidoblasts or stinging cells arc found scattered throughout 
the epidermis but ate more abundant on the tentacles. These are developed by some 
of the interstitial cells which get specialised. When fully formed, they migrate 
towards the tentacles through the mesogloea by means of amoeboid movement The 
cnidoblast cells are somewhat oval-shaped. 


Fig. 24 .7 Cell of Hydra 
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The cnidoblast possesses a Ihin cytoplasmic rim which sur- J" JI n oc * fV> 

rounds the large centrally located nematocysL The nucleus is \ _,■ A”.". 

situated between the nematocyst and plasma membrane and con- 
tains a small inconspicuous nucleolus. A few rough surfaced lamel- 
lae and isolated smooth surfaced vesicles of endoplasmic reticulum 
arc present in the cytoplasm. Free ribosomes are also present Small 
Golgi complex lies in the basal region. Mitochondira, lipid droplets 
and multivesicular bodies are located in the cytoplasm. Extending fc 

from the capsule of the nematocyst arc a bundle of small myofila- / ^ ffiB fji mfm 

ments. A peculiar oval or pyriform sac or bladder filled with a 
poisonous fluid or hypnoioxin, which is a chemical mixture of i 
proteins and phenols, is present. This is the stinging cell or 

Ncmatocysts (Gr., nema, thread ♦ Kysics, bladder) is a minute 
sac, 5 to 50 m in length. It is not a cell because it is cbitinous and \ 
non-living. The outer end of nematocyst is invaginated into a long, 'W • 

hollow and tubular thread coiled like a wire-spring inside the sac. >£.'£/?&" 0 Q 

The tip of the thread tube is open and its base is swollen to form the >. 

shaft The intumed thread is covered over at the base by an oper- 

culum. At the base of the thread tube are three large spine-like barbs F.g 24* D«gr»mm»iic rcpeKautl 

or srylels which arc directed inwards. There are three spiral rows of 

minute spines known as barbules or spines. A bair-like process, the cnidocil ot trigger projects from the 
extends beyond the epidermal surface. A few supporting rods lie aroi 
contractible muscle fibres. A restraining thread, the lasso is sometimes 
attached to the base of nematoblast which prevents the nematocyst 
from being thrown out of iL 

The cnidocil is composed of a central core sunounded by large 
rods. 

Origin and occurrence of nemotocyts. The ncmatocysts have their 
origin in the vacuoles of the interstitial cells. The cnidoblasls contain¬ 
ing developing ncmatocysts migrate through the body wall into the 
etneron from where they are taken up by pseudopodia of endoderm 
cells and transferred to mesogloea through which they travel and 
migrate outwards through the body wall again and reach the final 
position complete the development The cnidoblasls get fixed in the 
ectoderm with its base reaching the mesogloea while the cnidocil bores 
through the cutcile and projects outside. The nematocysls are scattered 
individually throughout the epidermis of the body except the basal disc 
where they are absent They occur abundantly in the oral region and 
in the tentacles, as wart-like "nematycyst batteries ’, each battery 
consisting of one or two large central ncmatocysts surrounded by 
10-12 smaller ncmatocysts. All of them are enclosed m a 
epithclio-muscle cell. However, they are never formed n ttekimdci 
but migrate from their place of origin in the epiderm.s of body. 

The nematocysts arc weapons of offense and defence of Hydra 
-TV... , 1.0 «/*rvr in food capture, locomotion and anchorage. 


«***»»« body 

Fig 24.9 f*Jec(roa migrograpb NimaiotJan 


Discharging of Nematocyst such 

Tbo process of Ibc discharge of nemalocyst is quilc peculiar Whenever the cnidocil comes in conucl wi 
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as protozoans, then a kind of stimuli passes through the cytoplasm of the 
ncmatoblast due to which the contractile fibrils surrounding the capsule contract. 
By the contraction of these fibrils pressure is exerted on the capsule due to which 
the operculum opens. 

The pressure in the fluid of the capsule is increased so much that the whole 
funnel and the thread tube coiled around it immediately shoots out of the capsule. 
The thread of capsule penetrates the body of the animal. A poisonous substance 
comes out of the thread tube and enters the body of the animal, which becomes 
unconscious. Once discharged, the nemalocyst becomes useless and drops off 
from the body of Hydra. A new ncmatoblast migrates to its place. 

Mechanism of discharge of nematocyst 

The mechanism of the discharge of the nematocyst is not yet fully under¬ 
stood. There are many views regarding it 



1. According to the old view, the nematocyst discharged because of the increase Fi». 24.10 a A— UtdiKfc.igcd 

in pressure on the fluid of the capsule. B—Duckifgcd. 

2. According to Iwanzoff and Yanagiia and others, some amount of the cytoplasm of the nematoblast diffuses into the capsule 
and increases the pressure of its fluid due to which the nematocyst discharges. 

3. According to7o/i«(1947). the ncmatocysls is always in a slate of tension and with stimulation of the cnidocil, the operculum 
opens and due to its own force of tension the nematocyst discharges automatically. 


4. Recent researches have shown the presence of a substance called adenosine triphosphate (A.T.P.) inside and outside the 
nematocyst which indicate that probably this substance plays imponant role in the mechanism of the discharge of nematocyst. 




Kinds of Neraafocysts. Ncmatocysls are 
of four kinds:- 

1. Penetrant or Stenotele. 

2. Volvcnt or Dcsmoncmes. 

3. Strcptolinc glutinant or Holotrichous 
isorhizas. 

4. Stereoline glutinant or Atrichous isor¬ 
hizas. 

Penetrant This kind of nematocyst is 
large and spherical. It is about 0.13mm. 
long and .007 mm. thick. It occupies the 
entire cnidoblast, in which it lies. Before 
being discharged, it is pear-shaped. The 
thread-tube, which is situated inside it, is 
coiled transversely. At its base are found 



B ' C ‘ 1 D 
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and it twists and coils upon discharging. mnsverse coils. It posses a spiral row of minute thorns 
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Stereoline glutinant. This type of ncmatocyst is the smallest. Its shape is oval 
and it possesses thread-tube, which is discharged straight, and is without any barbs 
or thorns. 

The nematocysts are most common on tentacles where all their four types are 
present while bypostome has only large glutinant type of nematocysts. The rest of 
the body has only large glutinant and stereoline types of nematocysts. The discharge 
of nematocysts is not under the control of the nervous system but they are 
independent effectors. Even nematocysts removed from the body of Hydra will 
shoot out their thread if an adequate stimulus is applied. 

An epitheliomuscular cell of a tentacle contains a group of nematocysts, each 
in its own cnidoblasL Such a group of nematocysts is called a battery. There may 
be as many as 12 nematocysts in a battery and these include 1 or 2 stenoteles 
surrounded by desmonemes and isorbizas. 



Fig. 24.12 Movement of ntmoioUast 


The cluster of various cnidocytes possessed by a cnidarian arc referred to as the cnidom and are very useful in classifying 
the species. A total of eighteen types of nematocysts have been described. The distinctions amongst them is mainly in the character 
of their tubular thread; in one type the tube is dosed at the tip, in the other, it is open. Nematocysts with closed threads are called 
astomocnidae, others with open threads are called stomocnidae. 


Mesogloca. Mcsogloca or mcsolamella is a non-ccllular. thin layer lying between the epidermis and gastrodermis. It is 
attached to both the layers. It is secreted by gastrodermis and extends in the entire body and tentades being thickest in the stalk 
and thinnest in the tentacles so that the pedal region is able to withstand great mechanical strain and provide flexibility to tentades. 
The mcsogloca gives rigidity and support to the body and acts as a sort of elastic skeleton. 

Gastrodermis. The gastrodermis is the inner layer of the body wall which surrounds the bag-like gastxovascular cavity. It 
forms about two third of the entire thickness of the body wall. Its structure is almost similar to that of epidermis and is formed 
a large, often vacuolated and flagellated or amoeboid columnar alls. It is mainly secretory, digestive, muscular and sensory in 
nature. The following type of cells are present. 


(i) Nutritive muscular or digestive cells. These alls are almost similar to the epithelio-muscular alls of epidermis. They 
arc long and club-shaped, their outer ends have two processes containing —- 

myonemes which do not branch. The myonemes lie at right angles to the long 1 

axis of the body and form a circular muscle layer by which the animal A - f* 

contracts and slowly expends the body. A few of these alls serve as 

sphincters to close the mouth and cavities of tentades. These oils are best f»; ng *£, 

developed in the bypostome and the bases of tentacles. They are highly 'SERlWq f axon* 

vacuolated and contain food vacuoles, the free ends usually bear two flagella. . ThAVu /! 

The nutritive alls may also secrete digestive enzymes into the coelenteron u ‘ / 

for the digestion of food. The wbip-lik flagella keep the liquid food inside _ 

the body cavity in motion. The alls may also give out blunt pseudopodia to 
engulf food particles. 


uonic fibre* 


The ultrastructure of the cells shows that the free end is produced into microvilli 
and two or more flagella. The latter extend into the gastrovascular cavity and contain mr~m 
9+2 pattern of fibres. The cytoplasm indudes a large number of m.iocbondr.a, 
glycogen granules, secretory granules and food vacuoles. The endoplasmic reticulum 
and free ribosomes are present in abundana. Centrally placed nucleus has one nwa* 
nucleolus. The small Golgi complex lies close to the nudeus. The ““ 

digestive alls suggests that the alls of stomach, and bypostome serve for ingestion 

and digestion. * 

/,» Fndothelio-gland cells. The endolhciio-gland cells ire smaller than the fl» 24.13 
° ° nulrilive-musclc cells and occu, inlerspre.d amoeg ihc nulnlrre-musde 
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cells. They l.ck muscle uQs Uku uperiugbl ends bu.l*« <me O.gclU 

at their free ends. The endoAelio-gland cells ait of two types. The z) 8 
«7bi«I«te digesuve enzymes, wbicb -e poumd Into U>e enlero. for ez«cellul.r 

digestion. In Ihf region of byposlome .nd mouU, .re foundmucousgto^«/b. b^ 

secrete a slimy fluid serving as a lubricntand also forentangltng and p«alyzmg ttc 
prey. Gland cells are absent in the tentacles and tbepe-l.ld.se. Tbey «e. 
effectors as they are not controlled by the nervous system. They are believed to 

develop from interstitial ctUs. 

fiii) Interstitial cells. A few interstitia celU occur between the endolbclio-nutiitive- 
0 0 mtTcaiT These are iotipeteni as Utey give rise m gl«d ells, sensory ells, 
reproductive cells and nerve cells. 

(iv) Sensory cells. The sensory cells are also found in the gastrodermis. They are 
supposed to be stimulated by the entry of the prey into the gastrovascular cavity. 

(v) Nerve-cells. There is a net work of nerve-cells with long processes found in the 
ectoderm or epidermis in dose contact with mesogloea they also form Ac «tw°* 
in Ac endoderm. Each nerve-cell consists of a cell having a nucleus. The body of 
Ac cell is elongated in the form of fibres, which anastomose to form a network kno wn 
as nerve-net. Some nerve-fibres are connected wiA miscuIo-epiAelial cells, while 
oAers are in relation wiA receptor cells. 


By Ac type of arrangement of nerve-net, strong stimulus is earned to every pari ofAc 
body. If tentades arc stimulated, not only Ac tentacles but also Ae whole body contracts. This 
system, alAough resembles wiA Ae telephone system, yet is not an efficient one. 



Nutrition. 

Food. Hydra is a carnivorous animal; it eats large quantities greedily. Its food is cyclops. small crustaceans, insect-la^ae. 
annelids etc. Some large specimens of Hydra engulf also young fishes and tadpoles, and can take even pieces of meat arbficidly. 
Jennings recorded a case in which Hydra engulfed a catterpillar. which was approximately fifty times Ae size of Ae Hydra. 
Usually, Hydra captures food of smaller size. 

Hydra remains attached to Ae basal disc and its body and tentacles are fully extended in water. Thus, it covers a larger 
territory for hunting its prey. As soon as tentacles come in contact wiA prey or food-material, stinging cdls or nematocysts are 
projects, which sting Ae prey. WiA Ae help of poisonous secretion, known as bypnotoxin. Ae prey is paralysed. Once. Ae prey 
gets entangled in Ae tentades, it cannot escaped due to Ae viscid surface of Ac tentades. 

Sometimes, when Hydra is very hungry, it dips into Ae water and fills Ae gastrovascular cavity wiA Ae ooze. 

Ingestion. Coclenterates are Ae first animals to use projectiles, called nematocysts, for capturing animals. The volvents coil 
around bristles and oAer appendages on Ac prey, while Ae glulinants fasten to its surface, Aus bolding it fast The penetrants 
puncture Ae victim and inject Ae paralyzing 
fluid or hypnotoxin. OAer tentades may also 
perform coordinated movements and shoot 
Aeir batteries of nematocysts. The tentades, 
holding Ac prey, now contract and bend in¬ 
ward drawing Ae paralyzed prey towards Ae 
mucus-lined mouA, which opens widely to 
swallow it Mucous secretions bdp in swal¬ 
lowing and Ae mouA can be greatly dis¬ 
tended. Contractions of Ae hypostome and 
body wall (peristaltic movements) force Ae 
food down into Ae gastrovascular cavity 

where digestion takes place. Fig. 24.15 Hy&a capwritg » B d i»ge*titg• Cyd op ± 
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The food reaction varies greatly according to the state of the animal. A very well-fed Hydra will not react to food when it 
is presented, while a hungry Hydra will respond even when a chemical stimulus, such as beef juice, is added to the water. A 
chemical, called glutathione, usually found in the tissue fluids of most animals, is necessary to evoke feeding reaction. Thus, 
Hydra engulfs only those animals which have glutathione in their body. 

Digestion. The digestion of the prey occurs in two stages. First, the prey is killed by the action of the digestive juice secreted 
by the gland cells of the gastrodermis. The churning movements caused by the expansion and contraction of the body wall and 
the lashing movements of flagella of the nutritive muscle cells thoroughly mix up the digestive juice with the food which is 
broken into smaller particles suspended in a meaty broth. The digestive enzymes react upon the disinterring food. The 
proteolytic enzyme similar to trypsin partly digests the proteins into polypeptides. The tissue of the prey turns into a soupy broth. 
This type of digestion, occurring in the cavity, outside the gastrodermal cells is called extracellular digestion. It also takes place 
in the stomach and intestine of most multicellular animals like frog, earthworm, etc. It is met with in Hydra for the first time. 



Smaller fragments of food are then engulfed by 
the nutritive muscle cells by means of pscudopodia 
and digested within food vacuoles, where intracel¬ 
lular digestion occurs, as in Protozoa and Porifera.but 
unknown in the vertebrates. Within food vacuoles the 
further digestion of proteins and fats takes place. 

Studies have revealed that the food vacuoles undergo 
both acidic as well as alkaline phases. Digestion in 
Hydra, therefore, is quite interesting, since it com¬ 
bines the digestive procedures of forms both lower 
(Protozoa) and higher (Vertebrates) than itself. In this 
respect Hydra holds an intermediate position between 
the Protozoa on one hand and the higher Metazoa on 
the other. The retention of intracellular digestion is 
probably due to its aquatic mode of life, as the diges¬ 
tive juice gets diluted in the gastrovascular cavity. 

Distribution. Absence of circulatory system offers no difficulty in the distribution 
body-wall and lashing of gastrodermal flagella circulate the products of digest.on m the cavity. which is continuous througout 

ingested. Even fragments of gastrodermal cells also distribute the food m a similar way. 

Assimilation. The food absorbed into tbe cells is tr.nsformated into protoplasm. A part of the food, especially the otl 
globules, is stored in the epidermal cells for use in the product,on of enetgy. 

. . .11 . J Mill 


Fig. 24.16 Hydra ihowiag unmtrualllng movement. 


rr^mivii. • -o- 

through tbe mouth by a series of violent contrac¬ 
tions of the body-wall. The debris falls some 
distance away from the animal. 

Locomotion 

Hydra is mostly attached by the basal disc 
,o some suitable object in tbe water. While sta¬ 
tionary, the body and tentacles twist and move in 
various directions to capture food. But they also 
show actual movement from one place to 
another. They perform movement either in 
responses light or some chemical stimulus or in 




Hydra abowiag cilllc-fUk 
like movcmcnf. 
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s „,choffood.Tlcco n «ction. n dexp. nS ionotU,«con«c.acmu«:| e fib,«of t pidtnni S briog 

about locomotion. Ho following types of movements are found in Hydra. 

m Expansion and contraction. Hydra, when hungry, remains attached to a substratum 

' inwatcr and fre<,uently expands and contracts itself at intervals. This movementis 
perforated to bring food particles in contact with the tentacles wb.ch *"' ' 

around in water. Also, contraction of one side and elongation of other sde 
or tenudes result in the bending and ssvaying movements which assist in the capture 
of prey. 

(ii) Somersaulting. This type of locomotion resembles the looping type of locomotion. p|g w , 8 
The body bends in the direction in which it has to move in the same manner as in 
looping locomotion. The tenudes uke a firm hold of the substratum and the basal disc 
is released. The body now straightens up in such a manner that the atumal 
sund up side down, it. the oral end with its tenudes holding the sub¬ 
stratum and the released basal disc pointing upwards. The body now bends 
once again in the forward direction so that the basal disc touches and then 
becomes fixed up to the substratum ahead of the oral end. The tenudes 
release their hold on the substratum and the animal regains its erect 
position, it. basal disc atuched to the substratum and oral end with its 
tenudes pointing upwards. 

(iii) Looping. Hydra can also move from place to place in search of food. 

Usually the body first extends and then bends over, so that the tenudes 
atucb to the substratum with the help of adhesive glutinant nematocysls. 

Then the pedal disc is released and brought up closer to the circlet of 
tenudes and atuched. The tenucles now loosen their hold and the body 
becomes erect again. The whole process which is repeated again and again 
appears like a series of looping movements of a caterpillar or leech. 

(iv) Gliding. Provides only small and slow movement along its attachment by 
alternate contraction and expansion of basal disc It is brought about by Fig. 24. 19 
creeping amoeboid movement of the cells of the pedal disc which gives 
out pseudopodia like projections. The animal can, sometimes, creep considerable disunce by 
this method. 

(v) Walking. Occasionally, Hydra becomes inverted and sUnds on its tenudes and moves in an 
inverted condition, using its tenudes as if they were legs. This type of movement Ukes place 
on some object such as leaf and in leisurely hours. 

(vi) Climbing. While changing location in a limited %tc*,Pelmaiohydra oligactis, can even dimb 
by attaching its long tenudes to some object, releasing the foot, and then contracting the 
tenucles, so that the body is lifted up the object 

(vii) Floating. Very often Hydra exhibits the floating movements. The cells at the basal disc release 
large bubble of gas in mucus which bdps the animals to float and rises to water surface. 

(viii) Surfacing. Sometimes, Hydra uses a gas bubble secreted in mucus by the cells of the pedal 
disc, to rise in water and float at the surface. If the gas bubble bursts, the mocous threads 
subsUncc the body on the water surface due to surface tension. 

(ix) Swimming. It is said that sometimes the animal frees itsdf from the substratum and swims in water by the undulating, 
wave-like movements of the tenudes and the body. 

GROWTH 

Growth in Hydra involves the division of all types of cells except the caidoblasts. The latter are formed from the interstitial 

cells. The growth chiefly Ukes place just below the bases of the tenudes. From this growing region, new cells are added either 
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towards the tentacles or towards the basal disc. Old cells are constantly sloughed off from the basal disc and tips of Uie tentacles 
to be replaced by new ones pushed down from the growing region. Under normal conditions this process continues indefinitely. 
For this, Brien and others consider Hydra to be immortal. 

RESPIRATION AND EXCRETION 

There are no special respiratory and excretory organs in Hydra. Respiration and excretion arc only possible by the general 
surface of the body. Oxygen diffuses into the cells from water and carbon-dioxide passes out of the cells. Nitrogenous waste 
products are also removed by the general surface of the body. 


BEHAVIOUR 

Reaction to the stimuli in Hydra is affected by contact, reaction to the chemicals, reaction to temperature-changes and 
reaction to light 

(a) Trigtnoliopism (reaction to contact). By non-localized stimulus U. the one which affects the animal as a whole, Hydra 
responds by withdrawing tentacles and by contraction of the body. But if there is a localized stimulation, ^croponse 
to the stimuli will be in the area affected, which may cause withdrawal of a single tentacle or bending of the whole 
body. 

(b) Cbcmotropism (reaction to chemicals). Tire response to chemicals is due to the nature of the cbemicab 

avoids injurious chemicals. It responds positively to the presence of food. In food taking reaction, both cbemotropis 

and tbigmotropism are involved. 

(c) Phctotropism (reaction to light). Hydra moves towards optimum light by the trial and error method. Green Hydra 
moves towards intense light 

(d) Thermotropism (reaction to temperature). Hydra become active in the water, kept a.. 

They flourish in cool water. Hydra are also found in abundance under ice in winter but do not survive in a temperatur 

raised in a shallow pool by exposure to summer sun. 

- 3S=H~=“^£SS=3=i 

for regular intermittent sampling of the environment around the Hydra 
REPRODUCTION 

unfavourable circumstances. 

I. Asexual reproduction. It takes place in the following three ways: 

(a) Budding 

(b) Grafting 

(c) Fission 

(a) Budding. Hydra reproduces by this method 
under favourable conditions i.e. when food is 
available to it in plenty and the temperature 
of the water is also suitable. During this 
process, the nutritive substances start ac- 
cumulating in the ectodermal « 

body. Small projections appear in ns body by 
repeated divisions of the ectodermal cells in 
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these regions. These projections are called buds. Ectoderm and endoderm both uke part in their format^, 
and connected with the gastrovascular cavity. These gradually grow and in the end become narTOwtube-Iike^ Their in 
and external structures both are like the parent Hydra. The tentacles are present at their free ends. The moutti is surrounded 
by these tentacles. The bud starts constricting at the place where it is attached to the parent body and gradually separates 
from the parent to become a young Hydra which performs all its life activities independently. Sometimes, these buds do not 
separate from the parent//>«frtJ and remain attached to it Thus they give rise to a branched Hydra If the favourable cond mons 
continue to exist then Hydra goes on increasing its species by this method of budding. 


(b) Grafting. The grafting in Hydra has been in the same way as it is done in plants. This method has been successfully used 
in Chlorohydra viridissima. Two such hydras are taken. One of these is kept in dark so that its chlorophyll decomposes and 
it becomes white in colour. Now this white and the other green Hydra are both cut transversely through the middle by a 
sharp knife. The lower half of the white Hydra is attached to the upper half of the green Hydra and the remaining two halves 
are also attached to each other. Afler some time, the while and green halves fuse to form a Hydra which reproduces by 
budding. The buds which arise at the junction have their upper part green and lower part white. 

(c) Fission. Sometimes, the body of Hydra constricts transversely or longitudinally into two parts. Each part forms the necessary 
organs and develops into a complete Hydra. 

(2) Sexual Reproduction. In Hydra, the sexual reproduction takes place 
under unfavourable conditions. Whenever these is lack of food and 
oxygen or the temperature becomes much high or low then the 
reproductive organs start forming in Hydra. These animals are 
bisexual and the development of reproductive organs takes place 
from the interstitial cells. The reproductive organs are different from 
buds chiefly in two respects. (1) ectoderm and endoderm both are 
present in buds but endoderm is absent in reproductive organs (2) the 
buds are hollow with an internal cavity but the reproductive organs 
are solid. In Hydra, the reproductive organs are formed only during 
the breeding season and they disappear after it Their breeding season Fl * 24 22 M»i« «ad female Hydra 
extends from the end of rainy season to the beginning of the winter. 

Testes. They are formed in the upper part of the body and arc cone-shaped. The interstitial cells ot the testis divide repeatedly 
to form sperm mother cells or spermatogonia. Each sperm mother cells divides twice and changes into primary spermatocytes. 
The spermatogenesis now lakes place in each spermatocyte during which it divides by two maturation divisions. 




The first division is meiotic and the second in mitotic . As a result of these divisions, four spermatids are formed from each 
spermatocyte. Later, the tailed sperms are 
formed from the spermatids by sper- 
matogenesis. Thus many sperms are formed in 
testis. 

When the number of sperms becomes 
large, they exert pressure on the wall of the 
testis, which ruptures at its knob-like part 
called nipple and the sperms are released in 
the water where they swim freely with the help 
of their tails. 

Jl 

Ovaries. They are formed in the lower 
part of the body of Hydra. There are many 
interstitial cells in each ovary. One of these 
cells, called oocyst, becomes larger and 
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stale is known as protendrous condition. Tim is the reason why cross fertilization 
does not occur in Hydra. The fully matured ovum must be fertilized within 24 
hours of its becoming exposed in the water otherwise it would become useless 
and dies. 

At the time of fertilization the ovum attracts the sperms or spermatozoa 
towards itself. Only one sperm penetrates the ovum. The head alone of the 
penetrating sperm enters the ovum and the tail is left outside. After this the nucleus 
of the sperm fuses with the nucleus of the ovum and a diploid zygote or oospore 
is formed. 

CLEAVAGE AND DEVELOPMENT 
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Zygote, still stated in the epidermal cup cover its mother, undergoes segmen¬ 
tation or cleavage. Within a short time, zygote is transformed into a hollow 
blasinla or coeloblasinla. cell of which, the blsiomeres, are all equal in size and 
surround a fluid-filled, cavity, the blastocoel. Later, as blastomeres multiply by Fig 24.24 
quick divisions, some cells leave the surface and migrate by primary delamination 
into the interior from all directions (multipolar ingression), and obliterate the blastocoel. The embryo is now known as a gastrula. 
A new cavity or space develops in the gastrula, this is surrounded by the cells that migrated into the interior and is called 
arcbentcron. So the gastrula has two layers of cells, an outer, the ectoderm, and an inner, the endoderm. Meanwhile, ectoderm 
cells have been secreting a cbitinoid spiny cyst or tlieta around the embryo. The enevsted embrvo is detached from the parent 

body and falls to the bottom. Ponds may dry up and cysts blown off 

by the wind or earned by water-birds on their feet and breaks from 
one pond to the other. 

HATCHING 

The encysted embryo remains dormant and unchanged for 
several weeks, until the next spring. As it can withstand drying and 
freezing, it carries the race through droughts and winters. It is also 
probable that this resting stage serves for dispersal, for its can be 
carried by currents of wind, or in mud on the feet of animals to other 
ponds in which water is present 

With the advent of favourable conditions of water and tempera¬ 
ture development is resumed. Interstitial cells arise in the ectoderm 
and mesogloca is secreted between the two cellular layers. The 
embryo elongated, and a circlet of tentacle buds develop at one end 
with a mouth appearing to their midst. As the embryo increases in 
size, the outer cyst wall softens to break open and the embryo 
hatches into a partially differentiated polyp. There is no free larval 
stage in the development of Hydra. This life-bistory of Hydra, thus, 
has the scheme: polyp-egg - polyp. 
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REGENERATION red 

Regeneration is the ability of an organism to replace its damage: body by its discover 

a favourite material for experimentations. 

A. Trembly (1744) found mat if a living Hydn is cut 
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Regeneration of Hydras is made possible by the amazing 
generative powers of the totipotent interstitial cells. 

* One characteristic feature of regenerating piece in Hydra 
is that it retains polaray. The end nearer the mouth develops 
mouth and tentacles, whUe the end nearer the base forms a 
new base. 

Parts of one Hydra may be easily grafted upon another 
provided they are of the same species. Grafting can be done 
in various arrangements producing many bizarre effects. . 

A. Trembly observed if the bead end of a Hydra is split 
in two and the parts arc separated slightly, it results into a 
Y-shaped specimen, or "two-headed** individual, having 
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Fig. 24.26 Hydra nhowing ike fonnailoa of mnlllkended specimen 
by regeneration. A—Single keide Hydra, B—Two 
beaded H)dra, C—Foil headed Hydra 
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Fig. 24.27 Cell replacement in Hydra _ . . . 

two mouths and two sets of tentades. Each bead may be again split 
in a similar manner. Thus. Trembly succeeded in producing a * 'sever- 
hcaded” Hydra. It was the great regenerative power of these animals which won for them the name "Hydra'\ after a Greek 
mythological monster which was finally destroyed by Hercules. According to the legend. 'Hydra* had nine heads and sooner 
did Hercules cut one off, than two grew in its place. 

IMMORTALITY IN HYDRA 


•Htt mmonalay of Hydra h* been deseutred by P. Brio, 19SS. According to bint there is > grow,!, zone just below the 
enudes whcrc uttered,ul cells gwe rise to .11 other cell of the body. With the fotm.tion of new cells, old cells ..c pushed 
tow.rds UK end of the tenudes .nd the ped.l d.se, bom where the, .re shed to outside. In .bou, 45 d.ys, the older body cells 
«e rephred by new cells. Tbu precis of cdl repl.cereen, is .n endless ptocess. I, h.s .Iso been shown th.t, if the interstiti.1 
cells of the growth zone axe destroyed, the Hydra lives only for a few days. 
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The structure of other coelenterites is more complex thin that of Hydra, therefore, its structure can not be considered is 
typical of coelenterites. Hydra is i fresh witer inimal whereas most coelenterites are marine ind colonial. Their life cyde is 
more complex then that of Hydra. Obelia is commonly studied as a typical example of marine and colonial coelenterites. Many 
species of Obelia are found but the most common is Obelia geniculaia. 

SYSTEMATIC POSITION 


Phylum 

Subpbylum 

Class 

Order 

Sub-order 

Genus 


Coelente rata 

Cnidaria 

Hydrozoa 

Hydroidea 

Lepfomedusae 

Obelia 


HABITS AND HABITAT 

Obelia is a tree-like branched, marine colonial hydroid coelenterate growing on 
the surface of sea-weeds, rocks and pilings along the sea-coasts. Colonies appear like 
whitish or light-brown branched threads, about 30 mm. to several ctns in height The 
colony arises by budding from a single hydra-like individual, the buds fail to separate 
and after repeated budding there results a tree like growth permanently fixed to some 
object and consisting of numerous members joined to the main stem. The members are 
known as zooids. 

EXTERNAL MORPHOLOGY 

If a colony of Obelia is examined under low power of microscope, it is found to be 
made up of a root-like horizontal part resembling a basal stem, called hydrorhiza which 
is attached to the substratum. From the hydrorhiza grows an upright stem called 
hydrocaulus (plural-hydrocauli). Hydrocaulus and hydrorhiza consist of two distinct 
layers. 

(a) Peris*rc. It is tr.nsp.rent, tougb outer layer. yellow in «°»o «. 
consistency, it is no, composed o, celts but WIrds becomes separated front, i, by 

cells. The perisarc is tubular in shape and b at first in conu SCCOfl daril Y as during its formation it is in contact with 

a protective layer and gives support to the branches having zooids. . 

lb) Coenosarc. Fibrous processes connect fluid, which show 
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From Ihc upright stem, called hydrocaulus, several side-branches 
arise. These side-branches are ringed and their end is expanded into a 
hydra-like structure known as hydranth or polyp. Hydranth is a kind of 
zooid . Towards the proximal region of the colony are found cylindrical 
bodies known as blastostyles These give rise to several small lateral 
offshoots, called medusa buds. 

Thus, Obelia colony is irimorphic, having 
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(a) Polyp or hydranth, ^ 

(b) Blastostyle, and " 

(c) Medusa. jjg L t|| 

Polymorphism >/ gonopore \ 

Due to the presence of three types of zooids or the individuals the goootbea \ goomgcwn 

Obelia colony (Irimorphic) is said to exhibit the phenomenon of S /dZor bU “°* IyiB ) 

polymorphism which is correlated with the colonial organization of (fOy 

Obelia. The phenomenon of polymorphism is essentially one of division fill Ws A 3ilSS*L 

of labour i.c., different functions are assigned to different individuals 
rather than to parts of organs of one individual. It may be recalled here JJ 

that in Obelia the feeding zooids (Hydranths), ascxually reproducing l ay hydroauhn 

zooids (Blastostylcs), and sexually reproducing zooids (Medusae) per- JB( 

form their respective functions for Obelia and thus exhibit division of 

Hydranth or Polyp 

Fig. 2S.2 Obeh a A pH of colony aider ike mlcraacope. 

It is a nutrient polyp which in its essential structure resembles Hydra 
very much. Under the high power microscope, the polyp looks a hollow case of yellowish colour. It is joined to the main branch 
by a small stalk. At its distal end it carries an expanded cone-like , 

manubrium or hypos tome which measures about one third of the polyp. n»ub 

The mouth is situated at the tip of the manubrium. At the base of the 
manubrium are twenty four solid tentacles which arc arranged in a 
circle. The manubrium is hollow; its cavity opens out by mouth while 
on the other side, it is continuous with the gastrovascular cavity. The 
mouth is elastic and capable of great dilation and contraction. It serves nf w *ocy. 
both for ingestion and egestion, there being no anus in this animal. 


The perisarc, covering the polyp, forms a cup-like structure called 
the hydrotheca which is transparent and perfectly colourless. The 
bydrothcca forms a sort of circular shelf near its proximal end on which 
rests the polyp. Normally the polyp remains extended out of the 
bydrothcca but when disturbed the, tentadcs and the manubrium 
contract rapidly and are almost completely withdrawn into the 
bydrothcca. 

Histology 

As seen under light microscope in longitudinal section the body 
wall of the hydranth is seen to consist of two layers of cells: 

(a) the outer ectoderm or epidermis. 

(b) -tbe inner endoderm or gastrodermis, 
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and separating the two layers is a delicate membrane called mesoglea or supporting lamella. 
The bypostome also consists of these two layers of cells. The layers of polyps are continued as 
coenosarc. The other zooids arc also made up of the same layers described above. 

Ectoderm is thin and is made up of columnar epithelium. The cells are conical in shape. 
Interstitial cells may be present in the space between the narrow ends of ectodermal cells. But 
according to Grove and Newell the interstitial cells are completely absent Nematocysts are also 
present in the ectoderm which act as organs of offence and defence. Tlje nematocysts are specially 
abundantly present in the tentacles where they constitute annular batteries. 

Endodcrmal cells are large and glandular and their free ends have pseudopodia or flagella, the 
movement of the latter cause the entry of food particles into the coelenteron (enteron). Gland cells 
with granular protoplasm are also present in endoderm. They produce digestive enzymes. Tentacles 
and bypostome also have a layer of unstrialed muscle fibres lying between ectoderm and mesoglca 
which helps in rapid contraction of tentacles. In bypostome, musde lying transversely serves to 
contract the cavity and ac! antagonistically to the action of longitudinal muscle fibres. 

Blastostyle. The blastostylcs arc developed when the hydrocaulus has attained its full length. 
They are generally produced on the lower part of the colony in the axil of the branches that bear 
polyps. The blastostyle is a club-shaped zooid without mouth and tentacles. It is hollow and its 
cavity is continuous below with that of the rest of the colony. It is enclosed in a cylindrical expansion 
of the pcrisarc, the gonotlieca. 


Fig. 25.4 Entire 



The blastostyles serve to produce the third type of zooids. Le., the 
medusae. This occurs by budding. The medusae ultimately get constricted 
off from the blastostyle and become free inside the gonolbeca. The 
gonotheca develops at its tip an aperture, the gonopore, and medusae 
escape into the sea through it They are probably expelled through the 
gonopore by currents produced by rhythmic contractions of the polyps. 

The blastostyle, gonotheca and the medusa buds are collectively 
called the gonangium or gonanth. 

PHYSIOLOGY 

Nutrition. The polyps are the feeding zooids. They supply food to the 
entire colony. The food consists of small living organisms. They are 
captured with the help of nematocysts and brought to the mouth by 
tentacles as seen in Hydra. The annuli round the sulks of the polyps give 
them sufficient flexibility to move to and fro in water in pursuit of food. 

A pari of the food is digested in the gaslrovascular cavity of the polyps by 
the action of the digestive juices secreted by the gland cells of the 
Kastrodermis. This is called the intercellular or extracellular digestion. 

The partly digested food circulates in the gaslrovascular cavity of entire Flf2 jj Dcvetopmc.iof^rduwfiwn .biuicryk. 

colony by beating of the flagella of the g.suoderm.l cells and by a*™!-. , hc pseudopodl , 0 f ,be g.sbodenn.1 

sive perisUltic contractions of the polyps. It is ingested from * ^ /r acellular digestion. From the 

cells in which it is digested in much the same way «'' -n, c undig „,ible food is egested through the 

- -———■ 

Respiration. Respiration is aerobic and occurs through the Z'nZrt™ ofTe^Im of 

which enters through the mouth of the polyps. Tb« «»l, brough u.e permeable perisarc. 
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likewise diffuses ou! of them. 

Movements. Colony in incapable of locomotion. Its zooids. particularly polyps, show movements. They can contract and 
expand their body and can bend their tentacles. 

Gnr - owth of the colony occurs more or less like a plant It involves spreading of the branches of bydrorhiza along 
the substr.* u development of new bydrocauli from the bydrorhiza and formation of new zooids on the branches arising trom 
the hydro. - It is to be noted that until a polyp is developed at the end of a branch, the latter docs not produce the next branch. 
Blastostyles grow by budding in the axils of the older branches of a full-grown hydrocaulus. Tbe stimulus leading to blastostyle 
formation is not dear. 


Excretion. Elimination of nitrogenous waste materials takes place by 
diffusion through the general body surface. 

Behaviour.Tbe polyps are sensitive to stimuli. They respond to touch 
and unfavourable chemicals by contraction. 

x" 

Osmoregulation. The colony has no problem of osmoregulation as 
the sea-water is almost as dense as the cell contents. As the sea provides 
almost a uniform environment throughout the year and there is no desic¬ 
cation, Obelia colony does not experience unfavourable periods and is 
capable of indefinite survival. 


MEDUSA 

The medusae are the reproductive zooids, some produce eggs and 
others produce sperms, Le. the sexes are separate. Each medusa, when 
fully mature is a saucer-shaped structure. The outer convex side is called 
the ex-umbrella while the concave inner side is known as the sub-umbrel¬ 
la. The attachment of the medusa with the blastostyle is by the exumbrellar 
surface. From the centre of the sub-umbrella hangs a process called 
manubrium, which bears four-sided mouth at its top. 



Fig. 25.6 Obtli* A rnrdsu it oral view. 


The mouth leads into the enteric cavity 
which is divided into four radial canals running 
towards the periphery where they open into the 
circular canal. Tbe cavity of the manubrium, the 
radial canals and the circular canals are all lined 
by the gastrodermal cells. The food is ingested 
through the mouth and its digestion takes place 
in the radial and the circular canals. 

The peripheral edge of the umbrella is 
produced into a narrow inward fold called the 
velum. From tbe margin of the velum arise a 
large number of tentacles. In a young medusa 
there are sixteen tentades but their number in¬ 
creases in adult medusa. These tentades, like the 
tentades of the polyp, are sol id structures having 
a core of endoderm cells surrounded by ec¬ 
toderm. There is a definite plan of arrangement 
of these tentades around the velum. In the young 
medusa (when there are only 16 tentades), they 
ate arranged in four groups, each group having 
4 tentades. The four tentades placed against the 
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four radial canals arc the per-radia! tentacles. Bisecting the 
four angles between the per-radials. arc the four inter-radii 
having the inter-radial tentacles. The radii bisecting the 
inter-radii are the ad-radii having the ad-radial tentacles. 
Thus there are four per-radial, four inter-radial and eight 
ad-radial tentacles. 

At the base of eight ad-radial tentacles, a few interstitial 
cells get collected. These cells form a sort of reservoir of cells 
which form the statocysts. In the basal part these cells contain 
calcareous particles, otoliths or otocysts. These cells arc also 
provided with hair-like processes of sensory cells. These 
organs were previously supposed lobe auditory organs. Now 
they are thought to be co-ordinating or balancing organs 
which help to maintain the equilibrium. 
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Fig. 25.8 Medusa ia tectioa. 


Histology. Microscopically the structure of medusa resembles that of the bydrantb polyp. It consists of the outer epidermis 
and inner gastrodermis with mesogloea in between the two. At the tip of the manubrium the gastrodermis is continuous with the 
epidermis. The whole of the exumbrellar and sub-umbrellar surfaces are covered by the epidermis while the cavity of the 
manubrium and the inner radial canals and circular canal arc lined by the gastrodermis. The velum is made up of two layers of 
epidermis with a core of mesogloea. The epidermis has a large number of slinging capsules. On the radial canals are usually 
present the gonads, one on each canal. 

DEVELOPMENT OF MEDUSA FROM BLASTOSTYLE 

The cavity of blastostylc pushes out the cocnosarc forming a simple diverticulum. Soon it enlarges to form a small sac with 
a cavity enclosed by two layers of ectoderm. It is called beII rudiment It grows in size and assumes the form of sub-umbrellar 
cavity with the manubrium lying in the centre. Later on the bell-ectoderm (outer ectoderm) breaks up and the remaining part of 
it constitutes a circular shelf, termed as velum, projecting inwards from the margin of the umbrella. It is quit* rudimentary here. 
When the medusa acquires its final shape, mouth breaks through the apex of the manubrium. The stalk also ruptures later on and 
the medusa becomes free and comes out through the opening at the distal end of gonolheca. and the medusa swims freely in 
sea-water. 

Medusae develop as said above, as buds on the blastostyles. In initial sUgc of the formation of medusa it is just like a small 
diverticulum or projection of the cavity of the blastostylc. This diverticulum increases in dimension at its extremity and forms 
a small vesicle enclosed by ectoderm, mesoglea.and endoderm. It also has enteron of blastoslyle. The medusa remains in contac 
with the balstostylc by a narrow stalk. Subsequently, a cavity appears below the subumbrcllar surface by the separation of distal 
region of ectoderm into two layers: (a) an outer ectoderm and (b) an inner ectoderm. There is a cavity between these two y 
of ectoderm. 

Radial symmetry. Tie medusa, like polyp. » >'*> symmetrical. The four radial canals mark ihe four principal ndo. 

called per-rad,i and .be rcnucles lying .gams. Ihe four radial canals are per-radtal tentacles. Between any two p" radii.ss 
tnter-radtus with tnter-radtal tentacles. Bbcc.ing bclween a p«,-radius and adjacent m.erndius “ * s " a* 
sub-radius. Thus Ibere are four per-radii. four mlcr-radii. eigb. ad-rad,, and surleen sub-rad,,. In Obeh^cnM^ 
angles of Ihe mouth and four of Ibe sixleen lenladcs of Ihe young medusa are per-rad.al, four olber Icnladcs are 
the remaining eight tentacles bearing the lithocysts are ad-radial. 

PHYSIOLOGY 

Movement. The Obelia colony is fixed and does not show any bodily movement from one place to another. The polyps can 
control and expand their body and can bend their tentacles. 

The medusae, on .be olbe, band. Hoa, passive., inwale, and 

1::",:“ bthind - d u * , " im,l mov “ ,b “ d 
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with a series of jerks. The contraction of the bell is brought 
about by the contraction of the ectodermal muscle-tails which 

arc better developed along the sub-umbrellar surface, special¬ 
ly along the surface where they form a muscle ring. The 
waves of contraction start from the sub-umbrellar surface and 
face towards the cxumbrellar surface where they are com¬ 
pletely absent. The bell opens mainly by the elastic 
mesogloea and to some extent by the contraction of the 
muscle-tails in the middle of the uppersurface. During swim¬ 
ming, the body of the medusa may be tilted, thrown aside or 
more often turned inside out so that the sub-umbrellar surface 
becomes outer and convex with the manubrium arising horn 
its apex. 




Nutrition. The medusa is also car¬ 
nivorous, feeding on nematodes, insects, 
crustanceans. small worms etc. The prey is 
captured by the tentacles with the help of 
nematocysts and ingested by the highly con¬ 
tractile mouth. The digestion takes place in 
stomach. It is both extracellular and intracel¬ 
lular. The digested food is distributed to the 
different parts of the medusa through radial 
and circular canals. 

Nervous system. The nerve cells of the 
epidermis and gastrodermis are present on 
either side of mesogloea to form nerve nets. 

However, the nerve cells are specially con¬ 
centrated along the margins of the umbrella 
to form two circular nerve rings on either A 

side just below and above the base of the Fig. 25.10 Stm q m. A-l. hohro.ul peal**; B_| t Ulled ^ 
velum. The upper cx-umbrtllar nerve ring '*• ' 

supplies the tentacles while the lower nerve ring supplies the sub-umbrellar musculature and statocysts. 


Sense organs. The medusa has eight marginal receptor organs situated at the bases of the eight adradia! tentacles on the 
sub-umbrellar surface, just inside the bell-margin. Each consists of a minute and fluid-filled ectodermal sac. called the statocyst 
or marginal vesicle. Its cavity contains a movable round partide of calcium carbonate, called sialolilli or otolith, secreted by a 
large cell, termed lilhocyte. The wall of the statocysl is made of epithelial cells, which arc sensory towards the bell-margin, being 
connected basally with nerve cells. The free inner ends of these sensory cells bear fine protoplasmic sensory processes which 
arch over the statolith. 


The slatocysts arc considered to be organs ol equilibrium and muscular coordination. Tbeir presence in medusae is associated 
with their active free-swimming h.bit During swimming if the body becomes lilted, the statolith falls over the lilted side against 
the processes of sensory cells wh.ch become stimulated. In this way. nerve impulse is created and transmitted to the nerve ring. 
As a result, the muscle tails of the stimulated side contract more rapidly and the medusa is brought again into the normal position. 

REPRODUCTIVE ORGANS 

the ,52 -negonods are situated on 

has ectoderm, endoderm and mesoglea as well as an extension of the coele nternn 1 ?r the . wal1 of ^ c radial canal - ,l 

originate in the ectoderm of the hyposlome oc manubrium from Sere^hev mov^ i ^ S f* rma, °8 onia *** 

migrate to the goru* in the radial canals. Before the gon,“" * ^ 

8 mature, they reach the endoderm and come to he between the 
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ectoderm and nicsoglea where tbeir maturation takes place. The 
sperms and ova come out by rupturing the ectoderm and swim 
freely in the sea water. 

LIFE HISTORY 

In Obelia . the asexual reproduction takes place by budding 
as a result of which hydranths and blastostyles are formed. The 
blastostyles bud olT medusae which are the sexual zooids of 
Obelia because the gonads are found in four groups in each of 
them. The gonads Of a medusa arc of the same sex. Fig. 25.11 Obrlla A vertical icciion of meduM showing gonads. 

Gonuds. The gonads arc situated pcnadially on the sub-umbrellar surface. Each gonad is an oval structure which is a group 
of undifferentiated interstitial cells situated in the mesoglea between the ectoderm and the endoderm. The ectoderm over the 
gonad is continued with that of the sub-umbrellar surface and the endoderm with the radial canal. The interstitial cells of the 
gonad form ova in female medusa and sperms in the male medusa. These cells are formed by the ectodermal cells of the 
manubrium. When the gametes mature, the ectoderm over the gonad ruptures to release them into the sea water. 



Fertilization. In Obelia, always cross fertilization takes place. TTic ova are fertilized in the body of the female medusa or 
in the sea water. The sperms come towards the ova along with the water current 

Development.The zygote undergoes hoioblaStic and repeated equal devages forming a blasiula which is; hollow. Theicnvity 
of blasiula is called bfaslocoW which is surrounded by . single layer of cells. Soon the cells start separating from the wall of the 
blaslostyle and collect in the blaslocoel due to which it becomes completely filled up by , 

stercogastrula is formed as a result of delamination and multipolar immigration of the ectodermal cells. The l, >'" of 
of the gastnila forms the ectoderm of the adult while the inner layer of cells forms rts endoderm. After somc "«mTbc 
in the cells of ectoderm Simul.uneously. a coUmrron in the centre is formed by the del.m,nation of the endodermal ««*• Tta 
gastrula in this stage is known asp/Wd larva. It comes out by the rupture of the brood pouch and swims freely in the sea wat r. 


Metamorphosis. Aflcr leading a free swim¬ 
ming life for some time, ihc planula larva settles 
down and attaches itself by its broad anterior end 
to some object and the process of metamorphosis 
starts in it. Its anterior end forms the basal disc by 
which the animal remains attached to the sub¬ 
stratum and the posterior end forms the 
manubrium. A mouth is formed at the free end of 
the manubrium around which a circlet of ten¬ 
tacles is present. In this way a simple polyp-like 
structure is formed which is called liydrula stage. 
The basal part of hydrula elongates to form the 
hydrorhua from which vertical and lateral 
branches arise forming the adult Obeha colony. 
Again the medusa buds arise on the balstostylcs 
of this colony and start the sexual generation. 


The free swimming medusae arc very impor¬ 
tant in a fixed animal like Obelia because they 
help in its far and wide distribution so that more 
facilities may be available to it 


Alternation of Generations or Metagenesis 


The life 
above gives 


-cycle of Obelia colony described 
the impression that alternation of 



Fig 25 12 Life-cycle of Obelia 
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generations or metagenesis takes place. Tbe seden¬ 
tary colonial asexual hydroid phase gives rise by 
budding to medusae which represent the sexual 
generation. The gonads of medusa produce sperms 
and ova. The fertilized ovum ultimately gives rise 
to planula larva which gives rise to Obelia colony. 

In other words the sexual medusa gives rise to 
asexual colony by sexual method. This alternation 
of generations or metagenesis confers upon the 
species not only gcnetical advantage but also 
ecological advantage. When each asexual and 
sexual form has a large reproductive capacity, one 
sexual, the other asexual, the species has the less 
chance of being eliminated due to predation or 
competition. However, in the strict sense the life¬ 
cycle of Obelia docs not represent a true case of 
alternation of generations which occurs in the life¬ 
cycle of certain plants such as Ferns, the asexual 
diploid ( 2 n) phase forms haploid (n) sexual phase 
by its single cell. But in the case of Obelia, both the 
sedentary asexual colonial polypoid generation and 
mobile sexual medusoid generation are diploid 
(only the sperm and ova produced in the gonad of 
medusa having brief existence are haploid). 

Moreover, the medusa (sexual phase) is not derived 
from a single cell of the asexual phase but is formed 
by many cells of the blastostyle by budding. Hence 
the life-cycle of Obelia though apparently seems to 
represent alternation of generations does not do so 
in strict sense. 

COMPARISON OF POLYP AND MEDUSA 

The polyp and medusa of Obelia are two dif¬ 
ferent kinds of zooids which differ bom each other 

in the structure, shape and other respects. These - oarenag icnuctc \» cuaiiarca*ai 

differences »re according to their v.rying functions. Fi, 25.13 Du,™ Mam*,,*, „c 

The polyps .re nutritive .nd the ntedus.e .re £227-5 “ TS ' 1™- .1.1 <a«.«d 

reproductive in function. Thus they art different in rJI?SL2! - *. ,Bd inuvenc section otfonn wiih leauc.L 

shape according to their functions. Their basic stroc- ~" 10 ,h * fon " °* * bc,,; • ,d D ’ 

tore is. however, toe same bee. use: ofwhich soot, simii.rities are .Iso foun'd totoera. nt.refore, the comparison between polyp 
and medusa can be done only on the basis of similarities and dissimilarities in them. ^ 


(a) Resemblances. Apparently them seems to be no simil.nty between tbe polyp ,„d the medus.. Actually however the 
two are homologous structures, being built on the same fundamental plan Resemhlanrr tv>rw~n. k. •, , n ° wcver * “ e 

be easily derived from the other. An inverted polyp .ssSmes Jte °,‘ S S ° € L°“ U ‘" °" e an 

.nd manubrium is pushed up. Ibis, together with toe ,f * "■“» of “ P"*'* 

toe polyp together so that they meet everywhere to form Ih^tr? P " ‘‘“f' b "" gS ^ W,lls of 
Thus, we find to.! the manubrium, subumbrella, surface, exSn„ surfir^H .^f , ? ,?* "’’l* 1 * nd c “ cul " c * n,ls 

manubrium, oral side, aboral side or foot, and tentacles of the doIvd resnrrtivHu m *“ Udcs of lhc mcdusa correspond to the 
same layers, which occupy the same relative positions in both ** * nd ** medusa have the 

the cavities and the raesogloea lying between the two In both th* co * ct ' n & “ e ouler surface, the gastrodermis lining 

tentacles bearing aiidoblasts. Tbe nature of food and modes of canrttri° V *^f!iL? V,ly htS * sin8,e outIet *“* both have solid 
both arise as buds on the colony and show radial symmetry * XUnn ^ ,nd “'Seeing it are also similar in the two. Finally, 
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DIFFERENCES BETWEEN POLYP AND MEDUSA 


Medusa 


1. Body of the polyp is long and cylindrical. 


1 . Body of the medusa is short and bell shaped or umbrella-like. . 


2. Polyp is a fixed zooid. 


2. Medusa is a free-living zooid in the mature stage. 


3. Polyp is enclosed in a transparent protective 
covering, the bydrotheca. 

4. The mouth of the polyp is circular and lies at the 
upper end of the upright manubrium. 

5. The tentacles of the polyp are situated at the 
base of the manubrium. 


3. Medusa is without any covering. 

4 . The mouth of the medusa is foursided and lies at the lower end of 
the banging manubrium. 

5. The tentades of the medusa are situated at the margin of the 
umbrella. 


6 . There is no velum. 

7. The gastrovascular cavity is a single spaceous 
cavity occupying the whole of the body of the 
polyp. 

8 . There are no endoderm lamellae. 

9. The mcsogloea is almost of uniform thickness 
through!. 

10. The nervous system is poorly developed, con¬ 
sisting only of a double nerve-net. 

11. There are no sense organs. 

12. The polyp feeds and protects the colony. 

13. Polyps are produced directly on the bydrocauli. 

14. Polyp belongs to the asexual generation. 


6 . Velum, which is a small inward projection all along the margin, is 

7. The gastrovascular cavity is restricted and differentiated into the 
cavity of the manubrium, radial canals and a circular canal. 

8 . There is an endoderm lamella between radail canals in each quad- 

rant . 

9. The mcsogloea is much thicker on the exumbreUa side than on the 

other side. 

10. The nervous system is much better devdoped. consisting of a 
double nerve-ring and a double nerve-net. 

11. There are eight sense organs, the sUtocysts. 

12. The medusa brings about sexual reproduction and dbpersal of the 

13 . M^umc .re produced on the blulostyles .nd not dlrtoly on 
bydrocauli. 

14. Medusa belongs to the sexual generation. 


Medus. show ^^ like'gun^stotMch^ndtal 
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Polyp Versus Hydra 

Polyp of Obelia resembles Hydra in form, structure and mode of feeding. The two. however, differ in many respects. The 
more obvious differences are tabulated below - 

Coraparfcion of the Structure of Hydra and Obelia 


Hydra 


Obelia 


1. Hydra is a solitary animal but because of the 
presence of buds, sometimes it may also be 
branched. Later these buds separate from the 
parent and lead independent life. 

2 . It is semi-sedentary and remains temporarily 
attached on aquatic plants, stones or the wall of 
the pond. It can be occasionaly seen floating in 
water. The basal disc helps in attaching it to the 
substratum. 

3. Polymorphism is absent in it Only polyp or 
hydranth stage is found. 

(a) Polyp or hydranth 

(b) Blastostyle 

(c) Medusa. 

4. There is no covering around it 

5. Its body is long and cylindrical, and its lower 
end closes to form the basal disc by which it 
remains attached to the substraum. 

6 . The free distal end of Hydra is conical and 
called hypostome. There is a mouth at its apex. 

7. There are 6 to 10 tentacles around the mouth on 
the hypostomc. These tentacles are hollow. 

8 . A thin transparent membranous cutile forms the 
outer covering of the body ot Hydra. The 
perisarc is absent 

9. The body wall of Hydra is made up of two 
layers the outer ectoderm and the inner en- 
doderm. 

10 . A non-cellular mesoglea is present between 
these two layers. 


1. Obelia is a colonial animal. It appears like a branched tree because 
- the lateral branches do not separate from it. 


2. It is fully sedentary and ramins permanently attached to marine 
plants and rocks. It is attached to the substraum by means of 
hydrorh'ua. 


3. It is a polymorphic animal which is found in three forms. 


4. The polyp is enclosed in a conical cup-shaped liydrotheca. 

5. The polyp is long and wine glass-shaped. Its both the ends arc open 
and lower end is connected with the hydrocaulus through a circular 
shelf. 

6 . The hypostomc of polyp forms its 1/3 part and a mouth is present 
at its apex. 

7. The number of tentacles around mouth b about 25 and they arc 
solid. 

8 . The cuticle b absent in Obelia and the whole colony b covered by 
a thick and tough perisarc. 

9. The same two layers are found in Obelia. 


10. The mesoglea b also non-cellular. 


11. It b not so in Hydra. 


11 ofdiebydraatdM^ *** ^ thC tWOsimi,ar ,ayers 
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Hydra Obtlia 

12. A gastrovascular cavity is present but it is 12. The gastrovascular cavity of the polyp is in communication behind 

closed at the lower or basal end. with the coenosarc of the bydrocaulus and the bydrorhiza. 

13. The following seven types of cells are found in 13. Only five types of cells are found in the outer layer (ectoderm) of 

the outer layer (ectoderm). the polyp. The gland cells and reproductive cells are absent in it 

(a) Epithelial cells 

(b) Interstitial cells 

(c) Nematocysts 

(d) Sensory cells 

(e) Nerve cells 
(0 Gland cells 

(g) Reproductive cells. 

14. The nutritive and reproductive activities both 14. In Obelia, the polyp is only nutritive form which supplies food to 

are done by the Hydro. The blastostyles and the colony. It has no reproductive function. The blastostyles 

medusae are absent in it. (asexual) and medusae (sexual) arc the reproductive forms. 


Hydra and Obelia both are the members of the Order Hydroidea. Class Hydrozoa and Phylum Coelenterata, by which it is 
apparent that there should be many similarites between them, however, there arc also many dissimilarities in them. The following 
differences are met within their life histories. 

Differences between the reproduction and life histories of Hydra and Obelia 
Hydra obtUa 


(A) Reproduction 

I. The reproduction in Hydra takes place by two 1. Only sexual reproduction occurs in Obelia although the whole 
mc ,hods: colony grows by asexual method of budding. 


(a) Asexual 

(b) Sexual 

2 The asexual reproduction mostly occurs by 2. In asexual reproduction, the colony increases in size and new zooids 
budding. Hydro is also capable of fission and are formed which do not separate from parent colony, 

regeneration. The bud separates from the parent 
body after sometimes and leads an independent 
life 

3 . The sexual reproduction Ukes place by ihe for- 3. The gametes are also formed in Obelia. 
ination of gametes. 

4. The gonads are formed in the polyp condition 4. The gonads are formed in the medusa form in Obeli,. 
in Hydro. Therefore, the polyp also acts as a 

reproductive zooids. 
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5. Hydra is mostly bisexual but unisexual in- 5. The medusa of Obelia is always unisexual, 
dividuals also occur. 

6. The gonads of Hydra are temporary structures 6. The gonads of Obelia are permanent structures, 
which are formed only during breeding season. 

7. The gonads are formed from the interstitial cells 
of the ectoderm and project out on the body 
wall. There is only a layer of ectoderm on their 
outer side. 

8. The number of gonads is not definite. 8. Only four gonads are present in a medusa. 

9. The male gonads or testes are found in the 9. The gonads in medusa are of one sex only i.e. either male or female 

anterior region of the body while the female and are radial. 

gonads or ovaries are situated in the posterior 
region near the base. 

10. The reproductive cells are formed by the 10. The reproductive cells arc formed in the ectoderm of the manubrium 

division of interslititial cells and collect and migrate to mesogloca to form gonads. 

together to form gonads. , 

11. The matured female gametes do not come out 11. The male and female gametes both separate from the parent body 

in water from the parent body. after maturation and swim freely in water. 

B. life History 

12. The fertilization is external and completed in 12. The fertilization is external and lakes place in the ovum swimming 

the ovum while attached to the parent body. in the water. 

13. The development of the zygote takes place in 13. The development of zygote takes place in water, 
the parent body. 

14. The devage of the zygote is holoblastic and 14. The clevage of the zygote is also holoblastic and equal 

equal. ^ 


7. The gonads are formed on the subumbrellar surface from the 
ectoderm and are situated in the mesogloca between the ccto-and 
endoderm. 


15. A solid ball-like morula is formed as a result of 15. A solid morula is formed by division. It later changes into a single 
division. Later with the formation of blastococl, layered hollow blastula. ^ 

a blastula having eight blastomeres is formed. 


16. As a result of delamination the blastula changes 
into a two-layered gastrula. 


. 16. By the process of delamination, the blastula changes into a solid 
gaslnila. 


17. A double layered cyst is secreted by the outer 
layer of the gastrula around the embryo. The 
outer cyst wall is thick, bard and spiny but the 
inner cyst wall is thin and gcletinous. 


17. C>lia are formed on the ectodermal cells of the gastrula as a result 
of v.bich an oval, ciliated planula larva is formed. 
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18. In ihc encysted condition, ihe embryo detaches 18. The planula larva leads a free swimming life and docs not rest 
from ihe parent body and lies in the mud of the 
pond and remains in dormant condition. 


19. The cyst ruptures with the onset of favourable 
conditions in spring season and a small Hydra 
comes out of it which grows into the adult 

20. Alternation of generations is not found in the 
life history of Hydra because only one form of 
zooids is found in it 


19. After leading a free swimming life, the planula larva attaches to 
some substratum and transforms by growing into an adult colony. 
The planula first changes into hydrula which forms the different 
zooids of the colony by budding. 

20. Alternation of generations or metagenesis occurs in the life history 
of Obelia. A regular alternation of asexual and sexual stages is 
found in it. 




Aurelia is a common jelly Gsb. Animals known as 'Jelly Fishes' are kepi in Scypbozoa. Probably the name is derived due 
lo the presence of jelly-like substance forming most of their body. The word fish attached to these animals is unsuitable because 
they have no connection with fishes except that both are found in water. 

SYSTEMATIC POSITION 

Coelenterata 
Scyphozoa 
Samaeostomae 
Aurelia 

HABITS AND HABITAT 

Aurelia is almost cosmopolitan in distribution. It is found in tropical and temperate seas. It inhibits the costal waters, generally 
remaining at or near the surface. It is generally seen floating separately or in groups, by rhythmic contractions of the bell. It is 
often found cast upon the seashore and is recognized by its gelatinous saucer-shaped umbrella, 3-4 inches in diameter and by 
four red or purple horse-shoe shaped gonads in its centre. 

MORPHOLOGY 

Shape and SI ze. Aurelia has a flattened, saucer-shaped body often referred to as the umbrella or bell. It generally measures 
upto four inches. The dorsal (exumbrellar) surface of the bell is convex and the ventral (subumbrellar) surface is concave. The 
umbrella is transparent. 

Colouration. The umbrella is bluish-white in 
colour through which red or pink gonads are visible. 

Symmetry. It possesses teiramerous radial 
symmetry Le. the body parts are symmetrically ar¬ 
ranged around the oral-aboral axis in four or some 
multiple of four. 

External Characters. The body is very much 
like that of bydromedusa having the form of an 
umbrella, a convex exumbrellar side and a concave 
subumbrellar side. 

In the centre of the subumbrellar side is a short 
and inconspicuous manubrium. The manubrium 
have a square mouth at its free end. From each 
comer of mouth hangs down a long, tapering much 
frilled and delicate process, the oral arm. Each arm 
has a ventral cilia ted groove leading into the mouth. 

The edges of the arms have a large number of 
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nematocysts. The angles of mouth and the oral arms 
lie along per-radii. Midway between two adjacent 
per-radii is an inter-radius. Between each par-radius 
and its adjacent inter radius is an ad-radius on cither 
side. 


Four round apertures are present between the 
oral arms, a little away from the mouth, on sub- 
umbrellar surface. These apertures open into sub- 
genital pits. Each pit is in the form of hollow and 
shallow depression and lies beneath gonad. Their 
function is uncertain. Four pink or red horse-shoe 
shaped gonads present just above the subgcnital pits. 
They are visible through the transparent umbrella. 

The margin is indented with eight equally- 
spaced notches of which four are per-radial and four 
inter-radial. A sensory organ called tentaculocystor 
rhopalium is situated in each notch. Two delicate 
protective marginal lappets are found over each 
tentaculocyst Between the notches, the edge of 
umbrella is fringed by a row of numerous, short, 
hollow marginal tentacles, set closely together. 

The tentaculocysts. marginal lappets and ten¬ 
tacles all are attached to an extremely flexible fold 
called velarium on the umbrella. A true velum, like 
that of Obelia, is absent. It differs from true velum 
in having gastrodermal canal running into it 

Histology. The main types of tissues and their 
arrangement in Aurelia arc practically similar to 
those found in other hydrozoan medusa (Obelia). 

1 . Epidermis. The exposed part of umbrella i.e. 
cxumbrcllar as well as subumbrcllar surfaces, 
velarium, manubrium, oral arms, marginal ten¬ 
tacles etc. arc covered with epidermis. The 
epidermis also lines subgenital pits. It consists« 
contains epitbclio-muscular cells besides senso 
for the sense organs. The muscle processes oft 

The cnidoblasts occur on the oral arms, ex-and 
two types of such cnidoblasts: 

(a) Atrichous isorliizas. The capsule is oral or 

fbl Heterotrichous microbasic euryteles. The c 
seines. The butt is small and its distal dilat 
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the bell. It is not structureless like the mesogloea of Hydra or Obelia as, it 
contains elastic fibres and free wandering amoeboid cells. These cells are 
derived from cctomesodcrmal cells. Such a mesogloea b more or less like 
connective tissue and b more accurately termed collenchyme . 


Muscular System. Musculature in Aurelia is practically wholly epidermal 
and confined to the subumbrcllar surface. It b formed by the muscle processes 
of epidermal epithelial-muscle cells. The muscle processes form strong lon¬ 
gitudinal muscles in the tentacles, manubrium and axes of the oral arms. The 
subumbrcllar muscles are striated and arranged in a strong broad and circular 
peripheral band called the coronal muscle. It b composed of regular muscle 
fibres, each consisting of a complete epidermal cell. The coronal muscle forms 
the swimming organelle of Aurelia. The muscle fibres of coronal muscle and 
muscle-processes of longitudinal tentacle muscles are cross-striated and 
capable of rapid contraction. Another muscles, the radial muscles extend along 
the main radii from the manubrium to the coronal muscle. 



(•) unebm 
bothixa 


PHYSIOLOGY 


locomotion. Aurelia swims by powerful rhythmic contractions of its body 
muscles, during which the exumbrellar surface is kept upwards. 


Fig. 26.4 



(b) brtnvtn&au 
nuoohUmcmywk 


Aurelia Type*of acrnikicytts. 



The contractions force the water back from the -oral, 

subumbrcllar cavity and thb pushes the bell for¬ 
wards. This b an elementary form of jet-propulsion, 
called hydropropulsion. The contractions are 
brought about by the highly developed coronal 
muscle and radial muscles. The tentaculocysls serve 
as the organ of equilibrium during swimming. 

Removal of all the eight tentaculocysls stops pulsa¬ 
tions. When the contractions stop, the body gradual¬ 
ly sinks to the bottom. Horizontal movements are 
brought about by wave-action and currents. 

Gastnivascular System. The mouth which b 
situated at the tip of the manubrium leads into a short 
gullet which opens into a large rectangular stomach 
The stomach is produced laterally into four gastric Fi f 26s 
pouches which arc inter-radial in position. At the 
four comers of the mouth arc branched font per-radial canals at right angles to each other, and between them are four inter-radial 
canals which arc very much branched and end at the marginal lappets. Halfway between the per-radial and inter-radial canals 
are eight unbranchcd ad-radial canals, two of them arising from each gastric pouch. From the inner concave border of each 
gastric pouch, a number of small thin gastric filaments are given out which form a regular row. Each consbts of a fold of endoderm 
and a central core of mesogloea and bears a large number of nematocysts. 

The ad-radial canals open Halo a circular canal nmning to the margin of the bell. Thus there are 16 canals in total all of 

them open into a marginal arcular canal. The gullet, stomach with its oastric no'irhr^ «nH •» ik* i 

cavity o, gastro-vascular system which is ImedSi MSSmSSmSSL ? ““T" 

the fluid. The water drawn'into the month goes to gullet Z 

canals to the circular canal from where it returns by the branches ^ 

arms and from here it goes out. Thus enteron is a gasfrovascui^ Sti" “«*'* <° Ute exhalent groove of oral 

Food. Aurelia is exclusively carnivorous. The food consbts of small marine invertehrair* __ 

small pieces of animals. invertebrates such as worms, crustaceans and 


W,* DitgnBitIc trpiacBlaiioa of gai/ov.»c.Ur 
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Ingestion. By the beating of cilia of the endodermal cells circulates a water current through the gastrovascular cavity or 
canal system in a definite direction. Water along with the food, is caught into the folds of the oral arms from where it is passes 
into the gullet through the mouth. From there it moves into the stomach and then into the gastric pouches. Here the alive prey is 
paralysed and killed by the nematocysts of gastric fdaments. Intercellular digestion is started here by the enzymes containing 
the juice from the gland cells. From the pouches digested and undigested food, with water current reaches the radial and circular 
canals where intracellular digestion occurs in the gastrodennal cells. The undigested food is returned back to the stomach and 
escape with the outgoing water. 


Digestion. Aurelia secretes most of the digestive enzymes. The enzymes digest proteins, carbohydrates, fats and even chitin. 
The digested food is collected and distributed by the wandering amoebocytes of the mesogloca. Reserve food is in the form of 
fat droplets and glycogen. These are stored by the gastrodennal cells and of the gastric filaments. 

It is thus clear that the entire gastro-vascular cavity performs functions of digestion as well as circulation of higher animals. 
The entire circulation from the gullet back into it takes about 20 minutes and helps in a proper distribution of the food substances 
to the different parts of the body. Besides bringing food, the water circulation also brings oxygen for respiration and carries away 
waste products, sex elements etc. along with undigested food. 

Water circulation. The circulation of water is brought about by the beating of cilia of the lining gastrodermis in definite 
directions. Water entering mouth passes into stomach, thence to the gastric pouches. From the exhalcnt channels of the gastric 
pouch it goes into the ad-radial canals, then into the circular canal. Water returns from circular canal in the branches of inter- 
radial and per-radial canals. Inter-radial canals bring the water into the gastric pouches, it flows through the inbalent channel and 
back to the gullet. Per-radial canals return the water directly into the gullet just near the base of grooves of flic oral arms, which 
arc exhalcnt. Thus, water returns both ways is eventually passed on the oral grooves. It may be seen that in such a course the 
incoming watcr-curtcnt is not polluted by the outgoing current 


Respiration. There arc no specialized organs for respiration thus entire body surface presumably perform the respiratory 
function. Respiration is aerobic. The epidermal cells are in contact with surrounding water and the gastrodennal cells are «n 
contact with surrounding water and the gastrodcrmal cells are bathed by water current circulating in canal system. Water 
containing oxygen is diffused into the cells and carbon dioxide is diffused out in the water. 

According lo some workers, below c»cb gonad on the xubumbtclb. side is sinraied a sob-geniul pit, in wbicb by rhythmic 
contractions of umbrella, water enters and constant change of water may be responsible for the process of respiration through 


general body surface. 

Excretion. Nitrogenous waste products are eliminated out by the processes of diffusion from epidermal and gastrodennal 
surfaces. In the deeper parts of mesogloe. these are eliminated by the wantering cells, which ingest them. 


NERVOUS SYSTEM 

The nervous system is epidermal, simple but 
formed on a different plan from that of hydroid 
medusa (Obelia). The following structures are found 
in the nervous system. 

(i)Subumbrellar plexus or Main nerve net 


(ii)Rhopalial ganglia. 

(i) Subumbrellar Plexus. It is formed of very long 
bipolar nerve cells and nerve fibres and extends 
between the ectoderm and upper muscular layer 
on the subumbrellar surface. It consists of two 
different and definite plexuses. 


The subepidermal plexus into the manubrium, 
oral lobes and tentacles white the sub-gastroder- 



Fig. 26.6 Aunt la Rbopaliara (diagram mi Ik). 
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mal plexus lies in (be wall of gastxovascular sys¬ 
tem. The nervous system is much thicker in the 
radial position. It is much thickened and distinct 
at the places of pe-rradii and inter-radii, and 
situated near the marginal notches and sensory 
organs. These plexuses control the contractions of 
the bell. 

Besides another diffused nerve plexus occurs in 
both the subumbrellar and exumbrellar epidermis. 
It controls the local activities, like feeding and can 
prevent the contractions of the bell. 

(ii) Rhopalial Ganglia . These are aggregation of 
nerve-cells, one near each sense organ or 
rhopalium. They are connected with the nerve- 
nets but, not directly with each other. 

There is a ring of nerve cells along the margin of 
umbrella. It runs along the marginal or circular canals. 

Sense Organs. There are three kinds of sensory 
organs in Aurelia: 

1 . The sensory tentacles or tentaculocysts. 


2. Ocelli 

3. Sensory pits. 


meaogka 
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Avrrlio iinu. A—Saall ponioa of edge of ambrrlli 
OowiagrcUiioaiof leaUcalocyM. B-Tcauealocyii ia 
vertical acet loo. 


1 . Tentaculocysts. There are eight dub- 
shaped tentaculocysts lying between marginal lap- f 

pets at the end of inter-radial and per-radial canals. ph 

Each tenlaculocysl is covered on the outer side by Rtf P/\ *\ r 1 / Mly} 1/ 

a process of the bell-margin known as hood. A pad * / iVy \Vfi \W 
of ciliated sensory epithelial cells is present below * Uk>e > rn ^4 i y margmaiuni 

the club of tantaculocysL The circular canal T'v' 

projects into it and thus it is a hollow tentacle lined ■wrflappeu wtocya' 'pigmaucup 

by gastrodermis. The gastrodcrmal cells heap up A o 

in the distal part of the tentaculocysl as a mass of 

polylgonal cells. Each cell of this mass secretes a * 8 l T i0i c ? e °' !° b " IU 

calcareous pinkie died ua.cluh. Tie statolilh ^ B-Tc.ur.kx,.,,. 

composed of calcium sulphate mixed with a small amouut of calcium phosphate. He epidermis is thickened at the sides and the 
base of tentaculocysl and contains tall sensory cells which arc connected with the subumbrellar nerve plexus. 

The tentaculocysts are regarded as organs of equilibrium. If these arc removed f.nm ih* 
movements. If the bell is tilted the dubs ofleolaculocysls press against theLTeTmll.H,^ TV " ev " shows ^"tancous 
On lilting the highest, lenlaculocysl produces the greatest stimulation. In responsT L up~rhdfoHhet ITSTU* S |‘ m “ l,, ' d ' 
than the lower half, at each beat, with the result that the bell automatically rigVlTiiseif. “ W " C ' 

as p^'s^^nr d “™' cc,odcrn, .l ocelli is known 
tentaculocysl. Tie other odlus is nailed as pi^em *"™ outer side of the 

endodenna! cells, lying on the inner side of the tentaculocvo P^P™ c«vity lined by pigmented and sensory 

are connected with the respective nerve plexus. Both the ocelli are nH t* lb * sU,ol,ths *sensory cells of both the ocelli 

re P ao, o^cplor being sensitive to light. 
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3. Olfactory pits. These are two depres- ^aia\K fj TD 

sions, one internal to the statocysl and other 
above the hood. These are called adoral and rp id enait - 

aboral olfactory pits respectively. These are ||| I { • ? f '/ "V 

lined with sensory epithelium and receives meaoflea | 1 ' 

chemical stimuli. 

REPRODUCTIVE SYSTEM 

Aurelia is dioecious or unisexual but they Tufijf 

are alike in structure i.e. there b no sexual 
dimorphism. Four gonads (testes or ovaries) 

lie inlcrradially on the floor of the gastric *•> %S§91 

pouches. The gonads are horse-shoe shaped. ’ "Mf* 

Their colour b reddish or pinkish. The gonads 
are endodcrmal in their origin. The testes of 

mature male liberate spermatozoa into the Fig.26.9 x«re/i*Mriu.s«ti©odo«Neoc«m. 
genital pouches from where they piss out 

through the mouth with the out going water. The female gametes or ova are liberated in the 
genital pouches where they remain till fertilization occur. 




. visual cdii 







hohjoouj 


Fertilization. FertilizaUon is effected in the gastxo-vascular cavity of female medusa. 

The spermatozoa from water find their way into the female with the ingoing water current and 
reach its genital pouch. Here, fertilization takes place. Thus fertilization is internal . The zygote 
or fertilized eggs pass out with the outgoing water current and get lodged in the grooves of 
the oral arms of the female. Thus oral arms serving as temporary brood chambers and 
development takes place within these chambers. 

Cleavage. The zygote undergoes boloWastic but unequal cleavage to produce a solid, 
ball-like morula. The inorula changes into a single-layered hollow, closed sphere, the blostula 
by developing a fluid Filled central cavity or Wastocoel. The blastula undergoes gastrulation 
by an invagination. Thus a two layered gasirula b formed which has an outer layer of ectoderm 
and inner layer of endoderm enclosing a cavity, the coetenieron cavity which has an opening 
the blastopore. As the invagination progresses, the coelenteron cavity enlarges at the cost of 
blastococl which finally dbappeasr. The gastxula elongates and its ectoderm develops aba 
the blastopore is closed. Thus the embryo becomes a free swimming oval planula larva. The 
planula differs from the planula of Hydrozoa in its method of formation and in having a 
coelenteron and blastopore. These larvae, can be seen on the oral arms of female Aurelia. 

PlanuLi larva. They become free from the oral arms of the female and after a short free 
swimming they sink at the bottom of sea. Now planula loses its cilia and the larva is .x o ^ ^ A luo6ilJ . 

the substratum by its broad aboral end. 

The planula metamorphoses into a small trumpet-shaped polyp ™ ^ofall' wT^TflX/tenUclesasbuds. 

opens ,o become .be mou.b. U.er, U.e .enue.es ..so .ben foe, UUer,^ 

A Her somelimes »» o.be, pe,- ra di.. unud« ..c ridges oiled Ac 

Strobila. 


adhesive polajdbc 
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Strobllatlon of Scyphlstoma. In winter and autumn seasons, the 
body of scyphistoma divides by a series of ring-like transverse constric¬ 
tions. These constrictions gradually deepen and the body of scyphistoma 
appears like many saucers placed upside down over each other. The 
segmented scyphistoma is known as the sirobila and the process is 
strobilation and its sauccr-like segments as the ephyrae or ephyrulae. 

During the formation of the ephyrae. eight bifid arms. 4 per-radial 
and 4 inter-radial grow out from the periphery. A rbopalium appears in 
the terminal notch of each arm. The gastric ridges break down, septal 
funnals disappear due to expansion of the area occupied by them. The 
enteron sends a branch in each arm. When fully formed, the ephyrae break 
from scyphistoma. The scyphistoma loses its tentacles before it casts off 
the first ephyra. Thus the ephyrae are constricted off one by one from the 
upper surface of scyphistoma. The successive ephyrae released from fi*. 26.ii ,w;« Afrcccpfcyn. 

sirobila have no tentacles. While the ephyrae arc being detached, their 

enteron closes on the proximal side but on the distal side it remains open and its margin grows out to form a short manubrium 
with a square mouth at its tip. This side becomes subumbrcl- 
la while proximal becomes cxumbrclla. 

Strobilation is of two types: polydisc and monodisc. In 
polydisc strobilation several ephyrae are formed. In 
monodisc strobilation only one ephyra is formed and it takes 
during unfavourable conditions. 

Sometimes scyphistoma does not undergo strobilation. 

It gets detached and changes into a single free-swimming 
ephrya that undergoes metamorphosis into a medusa. 

Ephyra. The ephyra is a young medusoid form show¬ 
ing tetramerous symmetry. Its margins has four per-radial 
and four inter-radial befid arms. Each arm is deeply notched 
distally to form marginal lappets. The groove between them 
is sensory in nature and has a short tentacle which later 
becomes tentaculocyst. The larva has a small stomach with 
gastric filaments (which are derived from mesenteries), a 
manubrium and a rectangular mouth on the subumbrcllar _ 
surface. The stomach gives off canals whidi pass into the 1 UtcUuory ©f/w;* 

arms. These canals represent per-radial and inter-radial canals. The ad-radial canal appears a little later. 

Metamorphosis of ephyra Into Aurelia. The ephyra swims actively in sea water feeding on minute organisms such as 
protozoans which are caught by the lappets and passed into the mouth. It grows in size. The mesogloea increases so that the two 
layers of endoderm together to form an endodermal lamella except the enteron. The ad-radial region grows more rapidly and 
fills their clefts so that the umbrella becomes circular and saucer-shaped and resembles the adult medusa. Now the four oral arms 
and numerous marginal tentacles appear so that the ephyra is finally transformed into an adult Aurelia. 

It has been seen that very large eggs of Aurelia develop into aciinula larva which gives rise to ephyrae larvae directly. The 
small eggs give rise to planula larvae which become hydratubae and then scypbistomae which strobilate ephyrae. 

Alternation of Generations 

The life cycle of Aurelia is said to show alternation of generations. Hie adult medusa represent the sexual phase producing 
gametes. Hie zygote produces fixed scyphistoma (polypoid) which represents the asexual phase resembling the polyp of Obelia 
colony. The scyphistoma reproduces asexually by strobelation to form ephyrae which metamorphose into adult Aurelia which 
is a sexual form. 
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According to some workers, the development of Aurelia does not show true alternation of generations. The adult Aurelia 
medusa is formed by the metamorphosis of an ephyra larva produced as one of the several transverse segments of the polypoid 
scyphistoma. whereas in Obelia the medusa is developed as a bud on a branched pol>poid colony. In Aurelia the polypoid phase 
is greatly reduced in the life-cycle. As the medusa is formed by the metamorphosis of an ephyra and the life-cycle is continuous 
process so that there is no metagenesis or alternation of generation. 

Comparison between Obelia and Aurelia 


Obelia Aurelia 


Polyp 

1. It is one of the zooids of a polymorphic colony. 

2. The adult is covered with pcrisarc. 

3. It is formed as a bud on the colony. 

4. Blastostylc directly produces medusa by bud¬ 
ding. 

5. There arc no gastric ridges or mesenteries so 
that the enteron is undivided. 

6 . It is meant for feeding and defending the 
colony. 

Medusa 

7. Medusa phase is reduced and known as swim¬ 
ming bells. 

8 . It is very small in size measuring 6 mm. in 
diameter. 

9. The oral arms arc absent 

10. Manubrium is long 

11. Bell margin is not scalloped. 

12. Bell margin beset with few long solid tentacles. 

13. True velum is present, projects inwards from 
bell margin and lacks endodcrmal canals. 

14. Sense organs arc ad-radial in position, lie at the 
bases of the tentacles, arc without protective 
lappets and hood. These are purely ectodermal 
sacs and arc called statocysts. 


1. It is a larval stage in the life history. 

2. Pcrisarc is absent. 

3. It develops from zygote. 

4. Scyphistoma products ephyrae by strobilation which metamor¬ 
phose into medusae. 

5. Body wall projects into enteron as four longitudinal septa, the 
mesenteries, along interradii. 

6. It is meant for asexual multiplication. 

7. Medusa phase is dominant and known as jelly Gsb. 

8. It is large and measures upto 4 inches or 30 cm. 


9. Four oral arms sunounding the mouth. 


10. It is short 

11. Bell margin is scalloped, having eight notches for tenuculocysts. 


12. Bell margin beset with many small, hollow tentacles. 

13. True velum is absent, inconspicuous velarium present containing 
endodcrmal canals. 


14. Sense organs are per-radi.l and inter-radial in 

marginal notches, are protected by lappets and hood, 
gastrodcrmal canal and are called rbopili«- 
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15. Canal system simple, stomach not well defined. 
Gastric pouches are absent. Canals unbranched. 

16. Gastric ridges and filaments absent 

17. No current of water circulates in the canal sys¬ 
tem. 

18. Mcsogloea non-ccllular. 

19. Muscle strands derived from both ectodermal 
and cndodermal cells. 

20. There is a double nerve ring in the margin of the 
bell. 

21. Nematocysts confined to the manubrium and 
tentacles only. 

22. Nematocysts are only one type Le. penetrant 
type. 

23. Gonads lie on radial canals externally 

24. Gametes derived from ectoderm. 

25. Subgerminal pits are absent 

26. Gametes arc shed in sea water by the rupture of 
gonads. 


15. Canal system complicated stomach specious. Gastric pouches are 
present, canals are branched. 

16. Gastric ridges bearing filaments are present 

17. Water circulates in a definate course in gastrovascular system. 

18. MesogJoea contains amoeboid cells and fibres. 

19. Musde strands derived only from ectoderm. 

20. There is no double nerve ring in the margin of bell. Instead there 
are 8 separate nerve centres besides the sense organs. 

21. Nematocysts are present all over the bell, manubrium, oral arms and 
gastric filaments. 

22. Nematocysts are of two types, atrlchous Isorbizoas and 
heterotrichous microbasic euryteles. 

23. Gonads lie on the Door of gastric pouches Internally. 

24. Gametes derived from endoderm. 

25. Subgerminal pits are present below gemetes. 

26. Gametes are shed in the gastric pouches, from where they escape 
into the sea water. 


Development 

27. Fertilization is external. 

28. Cleavage is holoblastic equal. 

29. Gastrulation by delamination. 

30. Planula large is without blastopore and 
coelenteron. 

31. Planula forms bydnila stage which produces 
Obelia colony by budding. 

32. Life-cycle shows metagenesis. 


27. Fertilization is internal. 

28. Cleavage is holoblastic but unequal. 

29. Gastrulation by invagination. 

30. Planula larva has blastopore and coelenteron. 

31 S^IttaT* tnUnpeMike sc > , P ,istom * w *»lch forms ephyrae by 
31 No alternation of generations in the life cycle. 


27 


METRIDIUM 


Sca-ancmones are among the most beautiful and prominant animals of the sea-shore. They are brightly coloured and when 
fully expanded, turn the sea-floor into a flower-bed. When disturbed these sensitive animals contract to shapeless mass. 

SYSTEMATIC POSITION 


Phylum 

• 

Coclenterata 

Class 

• 

Anthozoa 

Subclass 

- 

Hexacorallina 

Order 

- 

Acliniaria 

Genus 

- 

Metridium 


HABITS AND HABITAT 

The sea-anemone is a large, sessile, marine polyp. It has a thick columnar body and numerous short tentacles. Thereis no 
trace of a medusoid stage in the life-cycle. It occurs commonly on rocks, weeds, shells eta It occurs from tide pool to a deptn 
of 90 fathoms. It is found from New Jersey as the variety M. marginatum. This form also occurs on the coast of Europe. Ano er 
species. M. ftmbriatum extends the range of the Pacific. It is solitary and plankton feeder. It reproduces sexually as well as 
a sexually. Development indirect through a planula larva. 


EXTERNAL FEATURES 

Shape. Size and Colouration. It has a stout, cylindrical body with a crown of tentacles. It measures 5-7 cm in‘ •c“8 lb - 
Sea-anemones arc often brightly coloured. They may be white, green, blue, orange or red or a combination of many colo . 


Divisions of Body. The body is divisible into three parts: 


(i) Oral disc (ii) Coloum (iii) Pedal disc. 

(i) Oral disc. I. is .be uppe, o, disul free end of .he body. It expends horteonully .o Toms .round 

oral disc. Many small and hollow tentacles are present along its margin in the form of a cro . Qf (entldes m each 

in several circles around the slit-like mouth present in the centre of the oral-disc Genera ' y ' 

circle is in the multiple of six. Their number.. Tease with the age. The tentacles posses nematocysls. 

(H)Column. The upright part of the body is ca!'-d column. The juoctica ^ ^ ^^cjm^the orfumn 

and it may be marked by a groove. The surface of the column is »>»etw«th £? hi J£en from view. The wall of 

the anL.ial gets the stones, sand and shells attached to its bodysurfac 8 p ^ differentiated into an upper short 

the column may vary from thin transparent to thick leathery co i om heft** j oinin g the capitulum stands up as a 

region the capuulum and a lower thick walled «S£s!of the capitulum. Inespec** 

distinct fold, the collar ox parapet, a groove oM/tor ' c ^ di(Tcren ,uted into a short region, the scapulas^ 

of the presence or absence of the capitulum the upper part of P / SD hincter This acts to close the margin 

o7p.o, t cHve P.PIH., Tb. , e y cove, ~ by — - 
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The enleron or gastro-vascular cavity is 
divided into a number of raidally arranged cavity 
by vertical partitions that extends from the body 
wall inwards to varying distances. These partitions 
are called septa or mesenteries and the cavities 
between them are intermesenteries chambers. The 
chambers between the mesenteries of some pair are 
called endocoels and the chambers between the 
adjacent mesenteries are called cxocoels. 

All the mesenteries are not equal and are ar¬ 
ranged in pairs. On one side of each septum runs a 
longitudinal retractor muscle. These muscles can 
cause great contraction of the animal so that water 
ejected through mouth. Some of the mesenteries 
are more broad and longer and reach the 
stomodaeum. These are called primary, complete 
or perfect mesenteries. There are usually six pairs 
of primary mesenteries in Metridium. 



meiogtoea 


circular muide 
layer 


•epul filament 


A little short and incomplete secondary 
mesenteries are found in between the pairs of 
primary mesenteries. More small pairs of tertiary mesenteries also found 
between them. These are attached to the body wall but do not extend up to the 
stomodaeum. In Metridium, the position of siphonoglyph and mesenteries 
becomes much irregular due to asexual reproduction. The chambers between 
the primary mesenteries are in open communication with each other only below 
the stomodaeum. In stomodaeum. the adjacent chambers communicate with 
each other only by one or two apertures, called ostia. The ostia found on the 
outer side of the mesenteries are called marginal ostia, while those found on 
the gullet side are known as oral ostia. In secondary mesenteries only marginal 
ostia are found. The cavities of the tentacles also open into intermesenteric 
chambers. 

Each mesentery has two layers of endoderm. Mcsogloea is present between 
these two layers. These increase surface area for digestion. 


Fig. 27.4 Meiridum T.S. below ibe pfciryai showing mcseolcric*. 
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Below the gullet, the primary mesenteries curve away from the centre and towards the base all mesenteries curve towards 
the centre, reaching various points on the base. The free-cdges of the mesenteries are thickened to form mesenteric filaments^ 
These arc trifid in the region of gullet The lower part of each mesenteric filament is in the form of a free fine thread ant 
acontium. The acontia can be protruded through the special apertures called cinclide present on the body wall or tnrougn 
mouth. Ncmatocysts and gland cells arc also found in acontia. 


HISTOLOGY 

The body wall consists of the usual two layers, epidermis and gastrodermis with an intermediate layer of mcsogloea. 

(i) Epidermis. It is made up of columnar supporting cells containing between them slender 

gland cells and cnidoblasts. The supporting cells are ciliated on the tentacles and oral <tae Tb *£ 
in the tentacles, oral disc and stomodaeum but they decrease in the column and agarn abundant in the basal disc. 

(H) Gastrodermis. I. is nude up of epitbeHo-ntuscular cells in which the basm 

'these muscle fibres are circular in tentacles, oral disc, column and basa dtsc. On .b e*<*«««|^enzymes. 
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of ihc trilobed mesenteric filaments. These lobes are. therefore, known as 
cn'ido-glandular bands. The lateral lobes bear cilia, hence called ciliated 
bands. 

(iii) Mesogloea. It is the intermediate layer, thick and tough. It has the form 
of connective tissue. It consists of matrix with amoebocytes and abundent 
fibres. 

NEMATOCYSTS 

Metridium has four types of nematocysts. These are usually slightly 
curved and without a cnidocil. 

(i) Splrocystls. The spirocysts has a thin single-walled capsule and spirally 
coiled, unarmed tube or thread of uniform size. The capsule contains 
mucoprotein or glycoprotein. These are found on oral disc and tentacles. 

(ii) Basltriehous Isorhlzas. It has oral capsule containing a mixture of phenol 
and proteins. The thread or tube is of uniform size and armed with spines. 
It remains open at the tip. The butt is absent 

(iii) Mlcrobaslc rnastigophores. It has rounded capsule, the but is long and 
bears spines in a spiral. The thread is long and closed at the tip. 

(iv) Mlcrobaslc amastigophores. It has an oval capsule with a short but 
armed with spines in a spiral. Thread is absent 

The last three nematocysts are found everywhere on the body. 

Arrangement of muscles. It will be seen from the general account of the 
anemone given above that it has a structure of a large and elaborate polyp. Due 
to its complicated structure, it can perform various kinds of movements. It can 
expand or contract the column greatly, can bend or stretch the tentacles and 
can evert wholly or partly the stomodaeum, acontia and mesenteries. Besides, 
like the Hydra, it can creep slowly on its base. All these movements require 
well developed muscles, most of which are found in connection with the 
mesenteries. The most important and conspicuous of these muscles are the 
longitudinal muscles running the entire length of the mesenteries on one of 
their faces. These are retractor muscles and when they contract, the length of 
the mesenteries, as well as the body itself, is considerably reduced. These also 
cause the contraction of the tentacles. Another set of muscles passes obliquely 
across the upper and lower inner angles. These are parietal muscles and by 
their contraction the column is drawn towards the base. A third set of 
mesenteric muscles consists of transverse muscles and runs at right angle to 
the longitudinal muscles. These are comparatively weak and oppose the action 
of the longitudinal muscles and reduce the diameter of the animal to some 
extent. There arc also circular fibres making a sphincter at the junction of the 
column and oral disc which help to retract the oral disc and the tentacles by 
their contraction. Besides, these, are muscles in the tentacles, gullet, etc. It has 
been stated that the longitudinal muscles stretch on a particular face of the 
mesentery. The oblique muscles also run on the same face, but their arrange¬ 
ment on the different mesenteries is not arbitrary. On the other hand, they have 
a regular arrangement which, along with the compressed nature of the gullet 
and the presence of the sipbonoglyphs imparts a distinct bilateral symmetry 
to the animal. 

-'"The mesenteries are always present in pairs and the pairs of mesenteries 
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corresponding to the siphonoglyphs are called directis'e mesenteries. In the 
directive mesenteries, the muscles face away from each other. In the other 
pairs of mesenteries, whether primary, secondary or tertiary, the muscles 
face towards each other. 

NERVOUS SYSTEM 

Specific sense organs do not occur in anemones. The nervous system is 
very simple, basically similar to that of other coelentcrates. and is synaptic. 
It is represented by a typical diffuse nerve-net with no indication of a 
centralized nervous control, as in medusae. It consists of an epidermal 
plexus, between the epithelium and muscular layer, and a gastrodermal 
plexus, at least in the septa; the two arc connected through the mesogloea. 
Each plexus consists of delicate nerve fibres and large ganglion cells 
occurring chiefly in the tentacles oral disc and pharynx. The reflex behaviour 
is poor due to lac of a centralized nervous sy*'***" 

PHYSIOLOGY 

Movements. They are inactive animals but due to development of 
musculature they show following movements: 

(i) Tbc column can be expanded or retracted. 

(ii) Tcntaclcs extend to a considerable length or may be completely 
retracted back and become hidden by the upper end of the column which 
becomes folded over them. 




thread tube 


thread tube 
capsule 


spuocyn 


kmjg 


capnale 


baiiuichoui 

isoituia 


microbe ik 
masti|Of*ore 


Fig 27* MeiriiSum. Types of oer 


(iii) Stomodaeum and septa may be partially everted through the mouth. I I 1 / II H 

(iv) It can slowly glide on the substratum and by slow deeping movements 

can change its position. This is brought about by muscular undulations miCTX> bainhchooi microbaiic 

of pedal disc. The movement is very slow about 8 cm/hr. imanigophore isoituta mast.|ophore 

Nutrition. The animal is quite voracious, and feeds on molluscs, cnis- Fig jia Metrid**,. Types of ocmiiocysu. 

taccans, worms, sea-urchins and fishes, etc. The prey is captured and partly 

paralysed, before ingestion, by the nematocysls of tentacles, oral disc and acontia. Mouth opens and the gullet protrudes out as 
small lobe. The part of the oral disc between the food and the mouth contracts so that the lobes of the gullet reach the food and 
grasp it 

Most of the smaller sea-anemones arc ciliary feeders. Cilia on the outer surface of the column beat towards the oral disc, 
where ciliary currents sweep the food particles to the lips of tentacles. The latter-bend down to transfer the food into the mouth. 
Mucous and ncmalocysts play an important role in capture of the planktonic organisms. The captured food is swept own e 
stoinodacum into the gastxovascular cavity. 

In the gastrovascular cavity the prey is killed, if still alive, by nematocysls and is subjected 
latter reduces the food to pieces under the action of a protease of the nature of trypsin secreted %**f™*“™ ” lhc 
cnido-glandular bands of the mesenteries. The pietes are then engulfed by the gastrodermal c ^s. cxccp 
cnido-glandular bands, for intracellular digestion. The latter is brought about by proteases of the nature of pepsin P* 

and lipases. Carbohydrates arc perhaps not utilized by the sea-anemone. 

The digcslcd food is absorbed in .he gastrodennis while the undigested food is ejee.ed ou. Ihrough the mouth. 

The excess food is stored in .be gastrodennis chiefly as fat. The sea-anemone can live without food for a long time, utilizing 
its reserve fat 

Respiration and Exeretlon. Respiration is aerobic. Epidermis and gastrodennis are in contact with water. With the result. 
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oxygen of the water easily diffuse into the cells and the carbon dioxide of the cells diffuses into the water. Definite respiratory 
currents are maintained to renew water in the enteron. The cilia of the siphonoglyphs beat inwards and those of the rest of the 
gullet beat outwards. This makes the water current enter through the siphonoglyphs and leave through the gullet. Water inside 
the enteron is circulated by gastrodermal cilia. Ammonia is the chief nitrogenous waste product it is diffused out in the surrounding 
water. 


REPRODUCTION 

Metridium reproduces both asexually as well as sexually. 

I. Asexual Reproduction. It takes place by following methods. 

(a) Pedal Laceration. Pedal laceration is the predominant mode of asexual 
multiplication. In this process, parts of the pedal disc may firmly adhere 
to the substratum and get torn off as the anemone creeps along. These 
pieces in a few days develop into small new anemones at the old site and 
the parent completes its pedal disc at a new place. Or. alternatively, small 
lobes arise from the margin of the pedal disc and get constricted off. These 
arc carried by water current to new places where they give rise to young 



anemones. Fig. 27.9 Mtindom »h^ Bg i 0 .git.d, B .i, 

(b) Longitudinal Binary Fission. The pedal disc elongates in (he sagittal plane Na»ry fluid. 

till it ruptures along the transverse plane. The cut then rapidly extends upwards through the column and the oral disc. 

(c) Budding. It involves forma¬ 
tion of outgrowths from the 
column or pedal disc and their 
transformation into new in¬ 
dividuals. The latter ultimate¬ 
ly detach from the parent and 
establish themselves at new 
places. Budding is of rare oc¬ 
currence. 

II. Sexual reproduction and life 
cycle. Sea-anemones are dioecious 
or unisexual. Near the edges of the 
septa or mesenteries and lying 
parallel to them, gonads are lo¬ 
cated. The sex cells arc gastrodcr- Ftg ^ l0 

mal interstitial cells that ripen in 
the mesogloea. Eggs are sper¬ 
matozoa produced by gonads are discharged into gastrovascolar 
cavity and finally pass out in sea water through mouth. Fertiliza¬ 
tion is external and takes place in sea water. Zygote develops i' 0 '®! P®>yp 

after undergoing total, unequal or equal deavage in a coeloblas- rit.zni ., 
tula. The endoderm is formed by invagination. The embryo 

elongates into a ciliated planula having in some forms an aboral larce bard tuft of riti. ai ___ . v . 

blastopore persists in cases of invagination o, soon breaks through Then bl.s^« ”Th ‘T ° "f , 

stomodacum. Tie pianola latva swims for some time and feeds on m.^an slTl^TeTu^d r^h^r,^ 

of the sea and attaches itself by aboral end. The tentacles, sept, and mesogbxa u.l.T. ° m 

into a minute animal. mesogloea are formed and the planula larva changes 
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REGENERATION 

Metridium bas a power of regeneration. If the column is cui across, the aboral part regenerates a new oral disc but the oral 
part fails to develop a pedal disc. In some cases, instead of a new pedal disc, the oral part regenerates a second set of tentacles 
at its lower aboral surface. Thus it exhibits a case of hetermorphosisot reversed polarity. 

Differences between Hydro roan polyp and a Sea-anemone 


Hydroioan Polyp 


Sea-anemone 


(Hydra) 

1. Freshwater. 

2. Body long, slender and delicate. . 

3. Mouth circular and at the tip of a conical 
manubrium. 

4. Tentacles less, long, arranged in a ring, at the 
base of manubrium. 

5. Column without pore. 

6. Mouth directly leads into the gastro-vascular 
cavity. 

7. Gastrovascular cavity specious, undivided. 

8. Mesogloea is thin and without any cell. 

9. Nematocysts are four types: penetrants, vol- 
venls, bolotrichous isorbizas and atricbous isor- 
hizas. They posses operculum and cnidocil. 

10. Musculature less developed. 

11. Asexual reproduction by budding only. 

12. Gonad develop externally are ectodermal in 
origin. 

13. Gastrulation by multiple ingression followed 
by delamination. 

14. Resting cysts arc formed during unfavourable 
conditions. Dispersal by these cysts. 


1. Marine. 

2. Body large, heavier and firm. 

3. Oral cone Is absent and mouth is slit-like at the centre of a horizontal 
disc. 

4. Tentacles numerous, short, usually arranged in multiple of six, on 
the oral dbc. 

5. Column with numerous pores, the cinclides 

6. Mouth leads into a long flattened gullet or stomodaeum lined by 
ectoderm. 

7. Gastrovascular cavity is divided into a number of chambers by 
mesenteries. 

8. Mesogloea with fibres and amocbocytes in a gelatinous matrix. 

9. Nematocysts are four types: spirocysts. basitricbous isorhizas, 
microbasic mastigophores and microbasic amastigopbores. Oper¬ 
culum and cnidocil are absent 

10. Musculature well developed. 

11. Asexual reproduction by pedal laceration, budding and longitudinal 

12. Gonad develop internally on mesenteries are gastrodermal in origin 


13. Gastrulation by invagination. 


14. No cyst formation. 


15. Planula larva is absent 


15. Planula larva is present and dispersal by these larvae. 


CORAL AND CORAL REEFS 


Corals are a group of marine coelcnterates which are mostly colonial but some are solitary and occur only in polyp stages. 
Most (tree corals) of them belong to the order Madrcporaria but some others belong to subclass Octocorallia. 

Besides a group of Hydrozoa, the MiUepora and its allies also art called corals due to their skeletal structure but they have 
no rel similarity with true corals. Since the true corals are the builders of coral reefs and island so only the Madreporariana corals 
are considered here. 


DEFINITION OF CORAL REEF 

Vaughan (1917) has defined a coral reef./A coral reef is a ridge or mound of limestone, the upper surface of which is near 
the surface of the sea and which is formed of cdlfcium carbonate by the action of organism chiefly conls*) Bayer and Onre(1969) 
mention, "The uppermost layer is a living stratum composed of growing corals, alcyonarian^and nfUlepores, together with a 
virtually endless array of other organisms that live on or in this frame work, some acting to break down the coral skeletons, other* 
serving to cement the resulting debris tbgether into a conglomerated mass that can act as a foundation for further coral growth. 
Boring sponges molluscs, worms, and bamades permeate the coral substance and open it to crosional forces that weaken it until 
it crumbles. Algae, sponges, hydroids, tunicates and other organisms, as wdl as chemical process, consolidate the franarments 
and provide a platform for new growth." 6 


REQUIREMENTS AND DISTRIBUTION 

The reef-building conk require w.rm, dent, sh.llow weier. Therefore. Ihey are confined to continental and inland shores 
7r,r “ i. n ° UriSh ba ‘ *' “ n ’f’ OT “" 2rC-2S"c) As temperature falls with an 

l °. - , " fbu,ld ‘ n « cor * lsoccuru P 10 * depth of 30 metres, or at life most 50 metres. They inhabit 

r rxsr ,bcy “ nno, ,cmove l,rgt “ of •*—- 

water are harmful for corals^ 

The reef building corals are found in 
two general regions: (i) the Caribbean 
waters induding Florida. Bermuda, the 
Bahamas, and the West Indies; and (ii) 
the Indo-Pacific water from the east coast 
of Africa plough the Indian Oceanfand 
the WesteA Pacific as for as Hawaii/Ibe 
second region specially abounds in coral 
reefs, and in fad the Padfic north-east of 
Australia is known as the coral sea. 

CLASSIFICATION OF CORALS 

The Madriporarian corals are 
divided into three groups: 



Fig. 28.1 Dbtribadoa 
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1. Imperforate or A porous Corals. 
They have a complete theca, com¬ 
pact sclerosepta and partitioned into 
loculae e.g., straeid corals. Fa via/ 
Flebellum (= Meandrina, brafn 
corals). 

2. Perforate corals. In these corals the 
co^allum is extremely porous 
everywhere and is of loose construc¬ 
tion e.g. Porues.) Acropora ( = 
Madrepora) [Monlipora. ) 

3. Fungld Corals. These may be either 
perforate or imperforate e.g., Fun- 


Corals can also be classified as fol- 

(a) Hydroioan corals. Some of the *j —■ 
animals such as Millepora, Stylastcr I ] 

etc. (belonging to the order I y 1 ^ w i * 

Hydn.cor.Uta>>) .re colonial nd ... F ^ ; ^ Divml ~ 0[ o^.,,.. ' 

surrounded by calcareous exos- Ldicnu Mabm of gfBtri bJ * d 0B ICIUJ| • 

keleton. The skeleton IS seCTeted by collection Tit nnnbtn decline Will Increasing lailinde 

ectoderm.) The individual has two and lower w»i«r leopentnics LniiiBdeindloogii»<k are 

The help in the formation of coral-reefs) 

(b) Octocorallian corals \bese include soft corals The coral is formed of a colony of polyps » ilh cndoskeleton of sepamte 

<b) calcareous spioiles embedded in ,be massive mesogloea. In the colons, coral .Tabiproa or “ 

of homy material intermixed with calcareous spicules arranged around the polyps. 

(c) Hexacorallian corak These constitute the uonycoraU «.ru'CoraU. They may be solitary o, colonial and assume a great 

variety of forms. They arc the main constituents of coral reefs. I 

Solitary corals. Fangio. Flabellum, Caryophylla. etc. are the solitary corals o.cupoo-als The comil..e tsd,sc-, e. cup- 
or mushroom-shaped in form and measures 5 mm. to 2i cm. across. It is often w.lhout theca. 

C.1..W —.»■ ‘ 

Depending on the various methods of .sex*. Z« tEfS* tail branches on eiUte, side. In some 

branched. In Acropora. there ,s always ap.maryHyp at ibetop of y olhtrs . Iike Favia and/lsrruea, the 

r’ S ' Merino, the po.yps as well as the thecae become 

(xtnflucn^, occupyfo^g'^cy* separated by ridges, on the surface of the coralltum. . 

Abode brt*cbM^rihe corak tl^uelv^As suchs^mgeslanemoncs, sea-urchina. alarfisb, crabs. 

bivalves all live in com, reefs.^ 
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Fonaiiioa of ■■ Moll. A—Fringing Kcfirou*! an emergent volcano. ^Coolipuoii' 
drponii>ono( con) at volcanic cone atteldci lead* lo ihe toimaiion o( a great 
coralline cap. emergen pin o ( cap li molt C—Section Ifcrongb pan o( aioll. 


Fig. 28 3 


Magnificent colouration. Hyman (1940) 
writes that as coral beds consist of multitude of 
organisms of varied shapes and colour^ viewed 
through the deep blue water of a lagoon, con¬ 
stitute one of the most beautiful sights in the 
world, excel the most splendid flower gardens, 
(jbe coral polyps are yellow, green or brown 
due to their zooxanOicllacYbut almost any hue 
can be seen in them.vTfae skeletons of corals are 
usually whii) but as they are sometimes per¬ 
meated with red and green algae whose colours 
they lake. 

Coral polyps. The coral organism is a 
small anthorzoan polyp measuring about 1 cm. 
in length. It lacks a pedal disc and the oral disc 
bears tentacles in cycle of six. Tb: pharynx is 
devoid of siphonoglypbsl The mesenteries fol¬ 
low the hexamerous plan and are restricted to 
the upper part of the polyp, ^be muscles are 




poorly developed. 

Structure of Coral Polyp 
0 

In structure the coral polyp is much like an 

Ct 


Anemone except the skeletal portions^The 
structure of the soft part is like sea anemone but 
pedal disc is absent. Basal region or pedal disc 
is occupied by skeletal cup. There is no oral 
cone. Mouth is situated in thomiddle of the oral 
diso.)\ typical oral disc with tentacles on typi¬ 
cal hexamerous plan is present (Tentacles are 
simple) and of moderate length ending in ter- 
minarknob of nematocysts. A circular mouth 
surrounded by a flat pcrislomium leads into 


short stomodaeum or pharynx devoid of sipbonoglypb. There are 
complete and incomplete septa or mesenteries arranged in cycles 
arranged on typical hexamerous plan(Coral polyp being small does 
not possess more than three cycles of mesenteries. Usually two 
pairs of directives are present and there are ostia on the scpia.lThc 
polyps of colonial corals are all interconnected but the attachment 
is lateral rather than aboral. as in bydroids. The column wall folds 
outward above the skeletal cup and connects with similar folds of 
adjacent polyps, '(bus, all the members of the colony are connected 
by a horizontal sheet of tissue which represents folds body-wall and 
so it contains an extension of the gastrovascular cavity as well as 
an upper and lower layer of endoderm and ccloderm^Tbe lower 
ectodermal layer secretes the part of the skeleton that is located 
between the cups in fcbicb the polyps lie.frbe living coral colony 
thus lies entirely above the skeleton and completely covers it.^ 

Structure of Coral Skeleton 


The skeleton of a colony is termed as corallum and that of coral 
polyp a coraUite. 


Fig. 28.4 V5. ikrongh a coral In iu tkcca (3*elero»crta are >hovvo) 


T.Y.Z. (!) * 12. 
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Structure of Corallite. Coral polyps remain Gxed in a cup like 
exoskeleton, the theca. The theca and other parts of the skeleton wholly 
to the outside of the body of the polyp but remain in contact with its 
ectoderm throughout According is Voucoch the skeleton of coral is made 
up of calcium carbonate and is formed by.the precipitation of calcareous 
crystalsjin a calloidal matrix secreted by tb^ectodermal cells outside the 
body wall for the protection of the polyp./A typical polyp coral has the 
following parts: 

1. Basal Plate. A basal plate lies between the polyp and the substratum. 
It is the bottom of the cup. 

2. Tlieca. It is a cup like structure from which the polyp projects outside 
and into which it can be retracted. 


3. 


guild (or phuynx) 


sepu 


columella 



Oae half of a simple coral polyp ikowiig 
irliiioasbip of *otl parti of iheca(coriUlle). 


theca 



28.6 Theca of a aolllary rorof akowlag 


Sclerosepta. These are calcareous ridges or partitions arranged Fig. 28 5 
vertically or projecting radially inwards and are connected at the 
base by basal plate and at the side with the cup like thecaj They look like 
mesenteries but in fact lie between the mesenteries and this lie in definite 
relation to them. (Like the mesenteries, the sderosejjta typically*, occur in 
bcxamcrous cycles^ 12 tertiaries, 24 quaternaries etc.; but other numbers are 
also met with.[The sclerosepta are usually endocoelicji.e. each skeletal ridge 
pushes up between the two septa of a pair. The original second cycle is usually, 
however, exocoelic. The formation of the sclerosepta usually precedes that of 
the corresponding septa (mesenteries) and thus there are often move sclerosepta 
than mesentry pairs, fhe first cycle of sclerosepta reach the columella, while 
the later one fall short of it and may fuse with adjacent larger sclerosepty It 
may be emphasized that the corallite lies entirely outside the body of the polyp 
and the polyp base is pushed into ridges over the sclerosepta and goes down 
into blind pockets between sclerosepta and mesentary. 

( The sclerosepta are commonly sping thorny with jagged or toothed upper edges^ ^ 

4. Columella. It is a pillar like irregular central skeletal mass which may be eiOK. P* al|ed 

an indcpendcnt.oiygrowih from the basal plate)or one formed by the union of the central ends of P 

pseudo-columell^T*' columella may be solid or trabeculae) 

5. Epiiheca. It is a distinct calcareous layer which surrounds the base of the theca in a ring-like manner. 

6. Cos/ce. The space between the theca and epitbeca is crossed by continuation of the sclerosepta called costae. 

7. Pali Small ridges between the columella and the main parts of the sclerosepta are termed as pali. 

8. Synapticula. These are the skeletal bars connecting adjacent sclerosepta. 

9 Dissepiment,. Horizon* plz.es beeween sderosepu .re known .s disepiments. The* .re of .null e.lent 

,0. Trtsbecuiae When 0,e horizon* pU.es be<ween sc.erosepu .re Urge .nd exund comple-el, .he cor.lliu *ey « 

Forrairtlon of coral. The a>ra, polyp develops from * Up/ii'develops'udi.^^l^ wtridMecrele sepu 

or prototheca. It is secreted by ectoderm first as a basal \° . 8 ’ | ayin g at the top. Meanwhile, further skeletal 

- -— of * ^ 

(In living condilion. .he polyp nils Ure whole of .be interior of Jhe 
of ilsbody-wal, is in eonuc, sepMrrnU<wei«d by an inlumed portion of die body-wall. 


over the edge of the theca so as 
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Thus the septa are actually external and are in contact with the epidermis throughout) The space between the theca of the coral 
colonies is occupied in like by an extension of the polyp walls, coenenchyme contintfous with the latter above the upper edge of 
the theca and containing a gastrovascular space continuous with the latter above the upper edge of walls, coenenchyme continuous 
with the latter above the upper edge of the theca and containing a gastrovascular space continuous with gastrovascular cavity of 
the polyps. The lower surface of the coenenchyme secretes the part of the corallum between the tbcca, and this part is called 
coenosteumAn addition, in many corals, the polyps may be connected by canals coming from the bases and passing through 
openings in the loosely connected constructed thecae. Corals in which the corallite is perforated like'tbis with many openings 
are termed as perforate coralfe.g., Madreporab hereas those corals in which the corallite are of solid texture and the polyps are 
connected by coenenchyme only over the upp«edge of the theca are called imperforate or porous corals e.g. Flabellum,Astraea 
etc. 


CORAL REEFS 


A coral-reef is a ridge of mound of lime-stone, the upper surface of which is near the surface of the sea and which is formed 
of calcium carbonate by the action of organisms chiefly coral y(Vaughan, 1917). Though the reefs are built by stony corals but 
other organisms such as Foraminifera, Millepora, tubipores, neliopores, the molluscs_echinoderms, some coralline, algae and 
sponges contequcute together in the formation of compact structure, the coral reefs.fThe coral reefs are formed by incrusling 
their skeletal parts on the deposited limejCCoral reefs composed of multiple of organisms vary in shape and colourJ/The 
zooxanthellae is responsible for the rich ' 

colouration of corals, which may be 
brown, yellow, or green. The reef building 
corals require warm, shallow waters, and 
consequently art limited to continental is¬ 
land shpres in tropical and sub-tropical 
zones. (They cannot tolerate temperatures 
below 18°C and they flourish nicely only 
above 22°C/Consequently their distribu¬ 
tion is limited to the zone existing between 
about 2S°C on either side of the equator. 

They rarely remain alive at a depth greater 
than 4 fathoms. 

However, none have of the reef types 
are like man made continues wall but is 
broken up into many reefs and islands by 
passages, the larger of which may be 
drowned valley, sunk bellow the sea by 
land subsequence or rise in sea level. The 
lagoons usually contain inner island, or 
island, and reefs, etc. The flats are move or 
less exposed exposed at the lowest tides. 

The reef front is exposed to forceful waves 
which knock off big and small fragments 
of the reef and heaves them up on the flat 
behind the reef edge. The reef front first of 
all slopes gradually but after about 200 feet 
the slope becomes very steep. 



Types of Coral reefs 

Coral reefs are of three types: 

(1) fringing reef, (ii) barrier reef and (iii) atoll 
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(i) Fringing Reef. The fringing reefs are sea- 
level flals starting from the sea shore and extending 
fora short distance. They are 1/4 or 1/2 mile in width, 
built upon the salv/nt parts of continental or insular 
shores, flbe fronts of these reefs fall off seaward to 
moderate depths. They are composed largely of dead 
reef rock.tond are occupied by living reef builders 
chiefly on'their outer edge and slope. Sand and other 
debris arc also found on reefs/Reefs of ibis kind are 


Dupimt of rcprcKM diffcicai iyp*» 
well at ib crot» »*<«ioa 


Barrier reefs arc frequently interrupted by passes otpass, 
encircle whole islands)Sometimes small islands may make theu« 
a great danger to abiding. Tbc Great Barr.er reel of north-east, 
wide and encloses a channel from 10 to 25 fathoms deep. At pla 
is well below low tide. It is not a single reef but a long string oi 
Barrier reef are found various types of coral growths. There arc b 
the surface. All have their own reefs. 

(Hi) Atoll. It is a coral island and consists of a belt of coral r 
It is a horse shoe-shaped or circular reef enclosing a la S oon J hc ^ 
in the South PaciflcfThe Atoll of B,kin, is very famous, wlficb h 
miles. Another alollWb is very famous due to prominence in 

‘ Growth of the coral U> form reefs. Rate of coral growth is 
grow 5 mm. per year and fas.-growing ones 

. . . -i nnn thr xee of the present reefs is 10 .UUU to 


r.f having a central shallow lake communicating with dc six. 
e lagoons are 40 or 50 miles across. Several of such atoHs oa u 
Is , land of 2*7 square miles and a shallow lake of 280 square 
World War II. is Atoll of Tarawa) 

variable and of great importance. S.ow-growing^ 

,gl,an estimated that a reef of 50 mm. deep is formed 
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Coral and Coral reefs ^ - 

Theories to Explain Great Vertical Thickness of Coral Reef r 

Since the present reef building corals do not grow below 150 feet at the outside, 
and because geological evidence indicates that corals of the past ages were also 1 moral. 
in their habits, it becomes essential to explain the great vertical thickness often attained 
by the coral reefs. Many theories have been propounded, which the following four are 
the main ones: 

1. Darwin's Subsidence Theory. Charles Darwin’s theory explains the formation of 
reef. According to him the reef begin as fringe around slowly sinking shores, 
which continue to grow upward and outward as the land sinks. Thus the fringing 
reef turns into a barrier reef when coast subsidies. The lagoon separating it from 
the reef becomes wider and wider. Islands surrounded by barrier reefs finally sink 
beneath the lagoon. Thus the encircling reef is left on which islands of wave 
tossed. Atolls arc formed as accumulation of loose fragments of rocks. 

2. Semper-Murray Solution Theory. Sir John Murray was the chief biologist on the 
’Challenger’, the British ship that sailed into the oceans from 1874 to 1876 to 
explore extensively the conditions and life in the sea. Murray proposed that (i) 
Corals grow on high summits of the ocean bottom when these have been built up 
to the right level, (ii) the high summits are built by deposition of sediments and 
(Hi) barrier reefs and atolls are formed due to better growth of corals at the reef 
edge and through solution of the inner coral rock. This theory is now not accepted 
at all. 

3. Submerged Bank Theory. This theory has been supported by many recent studies. 
According to this theory the coral formation grow on flat, pre-existing surface 
during or after the submergence of surfaces. 

4. Daty-Glacial-Comrol Theory. The main points of this theory are as follows: (i) 
During the last glacial period much water of the ocean turned into ice forming 
glaciers due to a very low temperature and thus the level of the ocean was lowered 
by 60 to 70 meters below the present level, (ii) Various terraces were then cut or 
islands levelled by wave action, (iii) Later, with the rising, temperatures, corals 
began to grow upon these platforms and kept pace with the rising sea-level as the 
ice melted. 
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This theory explains nicely about the uniform depth of coral lagoons, whose bottoms, below the debris since deposited, 
would consist of the platforms cut when the ocean was at its low level. 


Theories 3 and 4 supplement each other and at present are most favoured by the students of the problems, although Daiwin’s 
idea (Darwin-Dana subsidence theory) continues to find much support. The submergence theory agrees with Darwin’s subsidence 
theory in that both consider the reef foundations to be now at great depths than they were when the coral growth started. But the 
submergence theory does not admit any relationship between that various kinds of reefs and postulates that the barrier reef and 
atoll have grown upon pre-existing flat platforms. The atolls arc considered to have been shaped by winds, waves and currents. 

Boring have been made to Gnd out the truth of these theories. 


(1) Boring of Funafuti atoll in the South Pacific north of Fiji was made in 1904 by an expedition of the Royal Society of London. 
The boring was 3 inches toS inches in diameter and went up to 1114 feel without reaching the reefb.se. Twenty eight genera 
of reef building comb wem discovered, 2of wh.dt are now living on the reef in that locality above 60 metres. The material 
obtained from the bormg did not contam any of the deep water corals lives in that locality at the depth to which the boring 
. went This finding supports subsidence theory. 6 

(li)CdO' (1931) made 3 bori * at diffe™, distances from the shore into , reef a Samoa (Pacific island) and concluded that the 
reef rested on a level platform cut by the action of waves. This supports thejripcial control theory 

( ■ COLUiGSj 
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(iii)The Great Barrier Reef Committee made two boring, one in 1928 and the other in 1938 on the Great Barrier Reef. Both 
homing gave the same result that the coral material extended out only to 400 to 450 feet and below this there was nothing 
but shore sand containing shells of various animals. There was no evidence of any underlying platform. Therefore this finding 
also supports Darwin’s subsidence theory. Thus Darwin’s subsidence theory applies of many reefs but some reefs may have 
been laid down on pre-existing platforms. 


r 
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Some Important facts about reefs 

Tropical storms can modify the reefs very much. Quarrying can also damage reefs as in India, where in 1971 PiUai has 
estimated that nearly 250 cubic meters of reefs material are removed per day for use in the production of cement, calcium carbide, 
calcium carbonate etc. Recently much concern has been expressed for the safety of some oceanic islands and their reef food 
chains because some reefs are being destroyed by ever increasing population of the Crown-of-thoms starfish. 


Acanihasier planei These starfishes feed upon the living coral and have caused much reef destruction in some parts. 


Economic importance of coral reefs 

f The coral reefs are of much importance to oil industry) They form highly favourable sites for the accumulation of petroleum 
deposits. 

^The coral reefs are of importance for curio trade^Miny plant and animals like sponges, molluscs, fishes, echinodcnns etc 
grow on these reefs. Even some humans inhabit them. 

^ Some corals form highly priced decorative pieaj. 


CoreUium rubrem is considered a precious stone The red coral and organ pipe coral are used in medicine in South India. 
Skeleton of a few corals are used as building material. 

(Coral skeletons are also used in the formation of time, mortar and cemenLjThc skeletons are also used in making ridges 
which act as natural barriers against sea erosion and cydonic storms. 

( The coral reefs serve as good nursery grounds for commercially important Gsbel They form more colourful and beautiful 
fishes. 7 


POLYMORPHISM 


( Amongst the coclcnlon.es. hydrozosns provide very good ex.mples of polymorphism. The phenomenon is essentnUy fo 
division of labour. Division of labour b Grsl seen in the cells of Hydra where ihe cells are specialtzed to perform dlff«eol 
(unctions of individual as a whole). Physiological differentiation of thb type had its effect upon the morphology of cells whtch 
led to cell specialization and give rise to cells of differentstructures. In Obelia thb specializatton is earned sltllfurtbcr. In it not 
only cells are specialised bul individuals gel specialised lo perform difTertni functions. The polyp perform different functions. 
The polyp performs vegetative function such as feeding, respiration, etc and the free swimming medusae are reproductive in 


nature. 


There are different types of polypoids and medusoids specialized for different functions. There are three types of polypoid 
and four types of medusoids individuals as given below: 


I. POLYPOID ZOOIDS 

1 . Gnstrozoolds.Tbe gastrozooids or the siphons are the nutritive or food* ingesting individuals of the colony. Each gastrozooid 
is a tubular or saccular structure with a laige mouth. A single, long, contractile and hollow tentacle arises from the base of 
the gastrozooid.*)!! bears numerous lateral contractile branches called the tetuilla, each ending into a knob or coil of 
nematocysts. ' 

2 . Dncty loroolds/rhese are the protective polyps of the colony and are variously known as palpons, lusters ot feelers. Typically 
they resemble the gastrozooids except that they lack a mouth and their basal tentacle is unbranebed. In Vellela and Poqiita 
the dactylazo oids arise from the margin of the colony in the form of long, hollow and tentacle-like fringing bodies called 
the rentocu/ozooub^Wbcn associated with gonophores, the tcntadc-likc dactylazooids are known as gonopalpoom. In 
Physalia the dactylfittooids become excessively long. 


3. Go no zoo Ids. They are reproductive zoo ids which are also known as blastosryles. They are without mouth and tentacle. They 
reproduce asexually by budding and form medusae. In Vellela and Porpaa, they resemble a gastrozooid and possess a mouth. 
Usually, the gonozooids take the form of branched stalks, called the gonad™! r* These bear grape-like dusters of 
gonophores and ate often provided with gonopalpons as in Physalia. / 


II. MEDUSOID ZOOIDS 


1 . 


Swimming bell. The swimming bells which arc also known as net- 
tocalyces, nectophores or nectozooids are medusoid form with a bell, 
velum, four radial canals and a ring canal. But these are devoid of mouth, 
manubrium, tentades and sense organs. Its shape is variablejand may be 
bilaterally symmetrical, prismatic, dongated or Oatenned. One to wdl 
devdoped musculature, swimming bdls ad as excellent j 
and help in the locomotion of the colony. 


2 . Pneumatopborcs. The pneumatophores or the floats are bladder or 
veside-like structures filled with gas, and keep the colony floating. Each 
pneumatopbore represents an inverted medusa bdl, devoid of mesogloea 
and consisting of an external exnmbrellar wall, pneumaUKodon, and an 
internal subumbreilar wall, the pnewnatasaccus or airsac^Jbe walls of 
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both these are double-layered and are highly muscular. The 
space between the two walls is known as gasirovascular 
cavity. 

A great degree of variation in shape and size, is observed in 
different sipbonopbores. In Agalma, the float is simple and its air 
sac is lined by a layer of cbitin secreted by the epidermis. 

The shape of pnematophone is variable and may or may not be 
divided into a number of concentric cbitinous chambers arranged 
in one plane. These communicate with each other and with the 
central chambers by pores in their walls. The air sac may open or 
closed. The air sac may be perforated by a single or several pores. 

In some cases a portion of the float is partly constricted off and 
assumes the form of an ovoid medusa-like, called aurophore. 

3. Bracts. The bracts which are also known as the phyllozooids F,g 29 2 Hydroeuma. 

or hydropltyllia are thick, gelatinous and curved plates of mesogloea.VThese may be prism-like, leaf-like, shield-like or 
hemlct-like in appearance. They are unlike medusae and contain a simple or branched gasirovascular canal. 

4. Gonophores. The gonophores or the reproductive medusoids occur singly on separate stalks or in clusters on polypoid 
gonozooids as in Vellela or on simple or branched gonodendra. The gonophores may be medusa-like with bell, velum, radial 
canals and a manubrium bearing gonads) But the mouth, tentacles and sense organs are alwa/s absent In a number of 
hydrozoans c.g. Physalia, the female gonophores are medusa-like while the male ones are sac-like. In animals like Physalia 
(male), the gonophores may remain attached to the colony or are selfree as in female Physalia, Porpisa and Vellela. Since 
they cannot feed, they perish after the discharge of sex-cel Is. (The gonophores are unisexual but the colonies are 
hermaphrodite bearing both types of gonophores in the same or separate clusterf/Gonophores may bo budded off from the 
pcdical of the gastrozooid as in Diphyes, or from a blastoslyle as in Vellela from coenosarc as in Agalmopsis. 

GRADES 



Some coelenterates posses only two types of zooids. others have three types and still others several types. These forms are 
respectively described as dimorphic, trimorphic and polymorpbic^Tbere are. l)/us, three grades of polymorphisms: 

1. Dimorphic Forms. The dimorphic forms have two types of individuals, namely, polyps or hydranths and medusa\ These 
types are regarded as the fundamental types from which the additional types found in the trimorphic and polymorphic 
colonics are derived by modification. 

(•) Polyps. The polyps have a cylindrical form, are fixed by aboral end. enclose a wide gasirovascular cavity, and bear 
mouth and tentacles at the free oral end.jftey serve to feed the colony and are. therefore, also known as the gastrozoo 
or trophozooids. / 

(b) Medusae. The medusae have . bell-, bowl- o. Muct.-sb.pcd body, led tree-swimming life 

' ’ gasirovascular cavity in the form of narrow radial and circular canals, and bear mouth and marginal t cMda/Tby 
bear gonads and bring about sexual reproduction- They arc. therefore, also known as the gonophores or sexual zones. 

Though diverse in form and function, the polyp, and medusae have a similar b«ic plan so much so that they cn be derived 

from each other. 

{Bougainvillea. (Class Hydrozo.) and Corathum (class Actinozo.) arc examples of dimorphic colonies, j 

They arise by budding from the bydrocaulus. polyp sulk and other medusae, 

tenu^^ 
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coloney. Tbe sipbonozooids arc small, lack tentacles, have reduced mesenteries and very large sipbonoglypb. They serve to drive 
a current of water through the cavities of tbe colony and bear gonad. 

2. Trimorphlc Forms.The trimorpbic forms have three types of zooids, le.polyps, medusae and gonozooids or dactylozooids) 
The polyps and medusae are similar to those of dimorphic forms. The gonozooids are modified polyps. They lack mouth 
and tentacles. They serve to bud off medusae or their morphological equivalents. The dactylozooids are also modified polyps. 
They arc mouthless and serve to protect the colony. 

( Examples of trimorpbic colonies are many. Obelus and Millepora are well known;) 

(a) Obelia. The zooids of Obelia include polyps, gonozooids and medusae. The polyps are surrounded by hydrothecae and 
gonozooids by gonothecae. The medusae are saucer-like and bear gonads on radial canals. 

(b) Millepora. The zooids of Millepora indude gastrozooids, dactylozooids and medusae. The gaslrozooids have short plump 
body with mouth and four knob-like tentades. The dactylozooids have a long, slender body without mouth but with several, 
short, alternating, knobbed tentades. The medusae develop in pits or ampullae of the colony and are greatly reduced, being 
without velum, mouth, tentacles and canals. They bear four nematocyst-bearing knobs on the margin and gonads on the long 
manubrium. 

3. Polymorphic Forms. The polymorphic forms have several types of zooids. All these are modifications of the polyps and 
medusae. The best known polymorphic forms are Hydraciinia and members of the order Sinphonophorj 

(a ) Hydraciinia. Hydraciinia develops four types of zooids: gaslrozooids. dactylozooids. gonozooids and sporosacs. The 
gastrolozooids have mouth and tentacles and feed the colony. The dactylozooids lack mouth and are defensive in fundion. 
They are further of two types: spiral zooids with sborl capitate tentades and lentaculozooids which are long, slender and 
devotd of tentacles The gonozooids retain short tentacles called the nematocyst heads. The sporosacs are reduced sac-IUce 
medusae. They produce gametes, either ova or sperms. 

(b) Siphonophora, The sipbonopbores form fra-rwimming ale,a with tbe blgbol degree of polymorphism. Their polyps 

occur in three modifications: gaslrozooids, dadylozooids and gonozooids. F ^ 

r-:rr. “ -- 1 - - -• ~——- i—tasss-sfi's-a 

called the gonopalpons. The gonozooids produce dusters oCgonophorcs on them"”* ' ,CnUC,C * Hke dac «y |o "><>i* 
The medusoid iodividusls exb, hr four modifiers: swimming beUs. br.es. gooopbores mrd pneum.mpbores 

0) c,=LTb^^ 2*- •* velum .„d r.di .1 ..d 

locomotion of the colony. otg*ns. They are y ery muscu , af an(J Wng abou( 

(ii) Bracts. These arc also called the hydrophyllia or phvUozoo,H, tk„ 

branched gastrovascular cavity. They are protective ia function. * gdilinous individuals with simple or 

(lii) Gonophores. The gonophores may be medusa-like but lack mouth ten..rt~ ^ 

to rounded sacs. In some cases, the female gonophores are , SCnSC or & Ins - They may be reduced 

gonophores produce gametes. ^ medusa-like and male gonophores arc sac like. The 

(iv) Pneumatophore. It is also known as the float It is an invert A .a 

inner (snbunibrellar) walls arc respectively called the pneumm^rT OS"* mtso # oc '- ,ls outer (exumbrellar) and 
the atrssac directed upwards, is reduced to a small ^ pneumatosaccus or air-sac. The opening of 

the bottom (original roof) of the air-sac, tbe epidermb^modirt^^T,^ 0 ^^^ ! nd “ 8«rded by a sphincter muscle. At 

* gas gland that secretes gas having composition 
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similar lo that of air. The float keeps ihc colony aflloaL 

All types of zooids arise by budding from a 
' common stem or coenosarc. The latter may have the 
form of a tube or a disc and bears zooids in groups 
called cormidia. 

| The common polymorphic sipbonopbores are 
Halisiemma. Physaha, Velella and Porpito. 

(a) Halisiemma. Halisiemma posses a long 
slender stem with a small lloat at the top. several 
closet set swimming bells below the float and 
numerous cormidia lower down. The cormidia arise 
from nodes and each comprises a gastrozooid or 
dactylozooid and several sporosacs. Bracts arise 
from the inlemodes and partly cover the sporosacs. 

(b) Physaha. Pliysalia has a disc-like coenosarc 
with a large sail-bearing, baloon-like float over it and 
several cormidia hanging from it. A cormidium con¬ 
sists or gaslrozooids. small and large dactylozooids, 
gonodendra bearing gonophorcs, gonopalpoons and 
peculiar gelatinous zooids of unknown function. The 
colony is poisonous. 

(c) Velella. Velella has a fbomboidal float 
divided internally into a number of gas filled cham¬ 
bers. It bears an oblique sail above and a disk-like 
coenosarc beneath. There is a single, large, central 
gastrozooid surrounded by gonozooids which arc. in 
turn, surrounded by dactylozooids. The gaslrozooids 
lack a tentacle. The gonozooids have mouth and bear 
gonophores at the base. Dactylozooids are tentacles¬ 
like. 

ORIGIN OF POLYMORPHISM 

After studying the polymorphism in 
coelenterates, the question arises whether the 
metagenesis is a direct consequence of polymor¬ 
phism or the life-cycle of primitive coelenlcrate has 
led to polymorphism. According to one view, the 

original coelcnterate was a polyp and through . . m .,. ffenC sis. 

specialization the sexual function was relegated to the secondarily developed medusoid form and this led to m g 
^According to another view, the ancestral coelentcrate was a medusoid form and the polypoid generation is persrsten 
Ibus leading to polymorphism. J 

(1) Polyp Origin Theory. Tim theory was proposed by Huxley. Eschschola and M'Vhnikoff. £««*■«« 

componentzooids. are really organs of a single medttsoid individual, whose manuWum.tenladeahndumbn^e ^^^oot 
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(2) Polyp Person Theory.This theory was proposed by Leuckan, Vbgrand Gagenbaur. According to this theory sipbonophores 
are free-swimming polymorphic colonies of highly specialized polyps with the power to produce medusae. This theory 
maintains that the parts of a sipbonopbore are either polyps or medusae or both, but the primitive zooid of the colony is of 
the polyp type.) 

(3) Sedgwick, Haeckel and Balfour. These three bold the view that the colonial theory (polyp-person theory) is more 
appropriate but that the primitive zooid of the colony was a medusa which has produced other medusa by budding and that 
the parts of these possess the power of becoming discrete. Then they are removed from the bud to which they belong and 
in some cases, multiply secondarily>Tbe many organisms of the colony, which according to the old colonial theory are 
modified polyps are, according to tms view, nothing more than the parts of the medusiform individuals which have shifted 
their attachment and are therefore real organs. For instance the structures called palpons are to be looked upon as moulhless 
manubria of medusoid; the tentacles are to be looked upon as only surviving amongst the marginal tentade of the medusoid. 
The theory agrees in asserting the colonial nature of Siphonophora but admits that there has been a vegetative repetition and 
specialization of certain organs which is demanded by the old colonial theory. 

(4) Moser’s Theory. Recently, Moser has revived the polyp-organs theory of Huxley and Meuh/iiAo#(According to Moser, 
the various individuals of siphonophore colony are organs that have not yet attained the grade of polymorphic individuals; 
and, therefore, the sipbonophores are the mo6t primitive existing coclenterates) Although the theory has not gained general 
recognition, yet it cannot be doubted that the sipbonophores early diverged fdrm the coelcnterate stem. 

We may, therefore, condude that the identification of the component structures (especially in the sipbonophores) as organs 
or individuals is a problem which rather defies an easy solution and may best be left as such. 

Polymorphism and Alternation of Generations 

Polymorphism is intimately assodated with the life-bistory of organisms. In monomorphic forms as in Hydra, the life-cyde 
is simple and without any larval slag^. It may be represented by the formula polyp-egg : polyp.fyil\h the advent of polymorphism, 
the reproductive power of the organisms are divided among the different individuals of the colony. In these organisms the polyps 
reproduce ascxually to form medusoid form, the gonophore, and the gonopbore reproduce* sexually to form the polyp The 
life-cycle of such organisms may be represented by the formula: medusa-egg-planula-polyp Thus the alternation of generations 
or metagenesis comes into existence in the life-cyde-the asexual polypoid generation alternates with the sexual medusoid 
generation.) 
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HELMINTHES 


Helminthes constitute a large assemblage of ‘worms’ of comparatively simple and varied organization. Helm in lb es is derived 
from Greek word Helmuts means 'worms'. The term Worms is not correct because it is applied to elongated invertebrates without 
appendages and with bilateral symmetry. In 18tb century all tbe worm-like animals were included in an old pbylum-Verme? 
( Linnaeus , 1735). But this was a very heterogenous group which included a highly diverse assemblage of forms. In tbe modem 
classification this group is divided into several independent phyla such as Platyhelmintbes, Aschelmintbes, Annelida etc. 

The term helminthes is restricted to a few phyla of invertebrate animals, all of which are superficially worm-like but they 
differ markedly in their morphology, life-history and bionomics. Tbe helminthes are restricted to two phyla of Animal Kingdom. 
These are: 

1 . Platyhclminlhes or flat-worms 

2. Aschelmintbes or round-worms 
PHYLUM • PLATYHELMINTBES 

Term Plathelmimhes was proposed by Gegenbaur in 1859, means flatworms which refers to their characteristic contour of 
flatenned body. The term is derived from two Greek words -platys a flat; helminthes «* worms. The animals show low organisation 
as they are without anus, skeletal, respiratory and circulatory systems. The body is filled with mesenchymal cells which are 
mesodermal in origin. 


GENERAL CHARACTERS • 

1. Bilateral symmetrical body, with dorso-ventral flattening. 

2. Body generally shows anterior cephalization that is de fere ntia lion of anterior region into bead. 

3. Body generally worm like either long flat ribbon shapped or leaf-like. Tbe outline of body bizaree shape in trematodes and 
segmented tape-like body in ccstodes. 

4 . Most of the flat worms are of small to moderate dimensions to size varies.from microscopic to the extreme elongation as 
much as 10 to 15 mm. 

5. General colour creamy white but on account of the presence of food the body may acquire colour. Some of the free-living 
flat worms are brilliantly coloured, often brown, black or gray. 

6 . Body with various types of attachment in the form of adhesive secretions, suckers and hooks. 

7. Body consists of three embryonic layer viz. ectoderm, mesoderm and endoderm. 

8 . In parasitic forms, the body is covered with a thick cuticle but free-living Tutbellarians are clothed with cellular or syncytial 
epidermis. 

9. The exo- and endoskelcton are completely absent therefore the body is generally soft with hooks, spines, spicules and thorns. 
10, Body space is filled with a mescnchym. that is parenchymatous tissue, therefore, n.t wonns are aco.lom.te that is without 

coelom. 
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11 . The digestive system is generally .bsenl in ttpeworms >nd scoels. But u. other consists of mouth, pharynx .ml v.riously 
modified intestine. 

12. Respiratory and circulatory systems are absent but some of the trematodes have system of tubes the so called lympfattic 
system of uncertain function. 

13. The nervous system is of primitive type with missing of nervous tissue as brain in anterior-most region with several 
longitudinal gang! tons led cord. Numerous transverse connections occur between the longitudinal cords. So the nervous 
system is generally ladder type. 

14. Parasitic forms are without sensory organs but free-living forms are provided with sensory organs in the form of chemo-and 
tango-receptors, ciliated pits, statocysts and ocelli or eyes. 

15. Excretory system well developed with proto-ncphridiaJ tubules with flame bulbs or cells. But accoela are without 
protonephridia. 

16. Hermaphrodite rarely with separate sex. The eggs are generally devoid of yolk but with yolk cells. Varieties of copulatory 

organs are present Cross-fertilization and self-fertilization both are common. » 

17. Development direct Le. without larval stage or indirect with larval stages. Life cycles complicated with succession of larval 
stages involving one to three intermediate hosts. 

18. Asexual reproduction common among fresh water forms. 

19. Parthenogenesis and polyembryony common among trematodes and ceslodes. 

20. Endogenous and exogenous budding common in tapeworms. 

Phylum platyhelminthes is divided into three classes. The classification followed here is from Hyman (1951). 

I Class - Turbellaria 
D Class - Trematoda 
HI Class • Cestoda 

I CLASS - TURBELLARIA 

Turbellaria is derived from Latin word 'turbella ' means a stirring. The animal produce turbulence in water by body cilia. 

They posses following characters: 

1 . The members of this class are broad, flat and leaf-like in shape. 

2- They lead a free living life in fresh or salt water, in moist soil, some members may be commensal or parasite. 

3. Body unsegmented, dorso-ventrally flatenned and covered with cilia. 

4. The anterior end is differentiated into bead. 

5. Epidermis cellular or syncytial contains rod-like structures called rhabdites. The rbabdites are curved structure capable of 
discharging a chemical secretion. 

6 . Epidermis and mesenebyma are provided with unicellular glands of two types (a) cyanophilous which secrete adhesive 
secretion and (b) cosinopbilous. 

7. Turbellaria ns are abundently provided with adhesive organs which are of two types (a) glandulo - epidermal adhesive organs 
and (b) glandulo - muscular adhesive organs. 

8 . Alimentary canal incomplete i.e. with single opening, the mouth. Mouth is mid-ventral, sometimes near the centre of body 

Intestine is blind or absent 7 

9. Excretory system with protonephridia. 

10. Sense organs consist of tangoreceptois and chaemoreceplors. 
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11 . Mredy bisexual or hermaphrodite or unisexual with very few exceptions. 

12. Reproduction by asexual, sexual methods and by regeneration- 

13. Cleavage spiral. Development direct without larval stage. 

Classification of TurbeQaxia 

The member of ibis class « found d«. .U places. 1. includes motr U»o 1500 sped*. Class Turbellari. is divided into 
5 orders. 

1. A coda 

2. Rhabdocoda 


3. Allocoda 


4. Tricladida 

5. Polycladida 


Order 1 ■ A cor la (Gr . a = without, kxnUx = cavity) 

1 They are minute, delicate turbdlarians with a ventral mouth. 

2. Mouth sod pharynx « p—^ Phmyn, simple when pwrt bo. usual., M sod so Ac io.es.b.e is slso sbson, 

3. Parenchyma syncytial not differentia led into mesoderm and endoderm. 

4. Protonephridia absent 

5. Food is taken in solid form and digested by endodermal cells. 

6. Goooducts. gonads and yolk glands are absent 

7. Exclusively ini tine fetus living unde, stones. dpc cm. a. .be ses bouom. Some live in Ac ™ of boloU.un.ns 
Examples: ConvoUaa, Hoplodiscus. 

Order 2 • Rhabdocoela (Gr. rhabdaa = rad; kails = cavity) 

1. Small tubdlarian usually less than 3mm m length. 

2. Mostly free-living, marine or fresh water. a ; ._ 

Some of them inhabi. in the mspiraUKy cav*» of vnoos ~ 

3. Body is elongated, cylinder « composed witb sin.pl, pharynx .nd sin.pl, unbmncbed sac.*, intestine. 

4. Yolk-glands may or may not be present 

5 Male with two to many testes, wbereas tbe female with 1 K. 2 oviries. 

6 . Mcjvous system consist of two lo^eudina. nerve *“• 

Orfer Rhabdocoela is divided into four sub-orders: 


Sub-order (i) Noiandropera 

1. Exclusively fresh water forms. 

2. Pharynx simple. 

3. Single median protonephridium. 
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4. Single compact testis mass, penis unarmed. 

5. Yolk-gland ts absent 

6. Asexual fission with chains of zooids. 

Examples: Catemla, Rhynehoscolex, Sienosiomum. 

Sub-order (ii) Opisthandropora 

1 . Fresh water or marine forms. 

2. Pharynx is simple. 

3. Excretory system consists of paired protonephridia. 

4. Compact testes, penis armed with a stylet 

5. Yolk glands absent 

6. Asexual reproduction with chains of zooids. 

Examples: Microsiomum, Macrosiomum 

Sub-order (iii) Lecuhophora 

1. Fresh water, marine or terrestrial, commenscl or parasitic. 

2. Pharynx bulbosc. 

3. Protonephridia paired. 

4. Separate ovaries and yolk glands. 

5. Exclusively sexual reproduction. 

Examples: GrafJUl, Anoplodium, Merostoma, Gyratrix 
Sub-order (iv) Temnocephalida 

1. Freshwater ectocommcnsal forms. 

2. Anterior end having 2-12 tentacles. 

3. Posterior end with 1 or 2 adhesive discs. 

4. Pharynx doliform. 

5. Gonopore simple. 

Examples: Temnocephala, Monodiscus. 

Order 3 - AUocoela (Gr. allotos = different; koilos = cavity) 

1. Mostly marine, few fres hw.te, sod brolah wtc, forms. Some sro ectopmit, or ectocommensd in hsbits. 

2. The pharynx is bulb-like or plicate. 

3. Intestine b straight or branched. 

4. Excretory system consists of fried protcephridu whh two or three bond, a ,nd nephridioporos. 

5. Nervous system with 3 or 4 psin of longitudinsl nerve cords provided with tnasvmse commrssures. 

6. Reproductive system consists of numerous tesfcs .nd . psl, ofovnriex. Peak pepilU mosUy prosent 
Order Allocoela b divided into four Sub-orders. 
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Sub-order (i) Arc hi op!tor a 

1. Marine animals. 

2. Pharynx plicate. 

3. Female reproductive system primitive. 

Example: Proporoplana 

Suborder (ii) Leciiltoepiiheluua 

1. Marine, freshwater or terrestrial forms. 

2. Pharynx simple or bulbosc. 

3. Penis with a cuticular stylet 

4. Female duct simple or none. Typical yolk glands absent nutritive cells may surround the ova. 
Examples: Hofstenia, Prorliynchiis. 

Suborder (Hi) Cumulaia 

1. Freshwater or marine forms. 

2. Pharynx plicate or bulbosc. 

3. Intestine mostly without diverticulac. 

4. Penis unarmed. 

5. Separate ovaries and yolk glands or germovitellaria. 

Examples: Hydrolimax, Plagiostomum. 

Suborder (iv) Seriata 

1. Mostly marine and a few are freshwater forms. 

2. Pharynx plicate. 

3. Intestine with lateral diverticula. 

4. Statocyst mainly present 

5. Ovaries and yolk glands are separate. 

Examples: Monocelis, Otoplana. 

Order 4 Tricladida (Gr. treis » three; klados = branch) 

1. Marine, freshwater or terrestrial forms. 

2. Urge turbellarians, measuring 2-60 cm in length. 

3. Pharynx plicate usually backwardly directed. 

4. Intestine three-branched sacs. 

5. Eyespots usually prcsenL 

6. Two ovaries, 2 or numerous testes. 

7. Female reproductive system provided with one or two copulatory bursa. 

8. Penis with penis papilla, common genital aperture. 
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Order Tricladida is divided into tore*- suborders. 

Suborder (i) Maricola 

1. Exldusively marine forms. 

2. A pair of eyes and auricular grooves. 

3. Typical penis papilla sometimes armed with atyleL 

4. Rounded copulatory bursa is generally present 

5. Only sexual reproduction. 

Examples: Bdelloura, Ectoplana, Gunda. 

Suborder (u) Pa Iudkola 

1. Mostly freshwater rarely brackish water forma. 

2. Two to many eyes or eyeless. 

3. Bursa with bursal canal, anterior to penis. 

4. Reproduction mostly asexual. 

Examples: Dugesia, Kenkia, Dendrocoelwn. 

Suborder (iii) Terrkole 

1. Terrestrial tropical and subtropical forms. 

2. Two or many eyes. 

3. Bursa, if present, lies behind the penis. 

4. Reproduction may be asexual. 

Examples: Geoplana, Dolkoplana. 

Order 3 - Potycladida (Gr. poly = many; klados = branch) 

1. Size mod rate, from 2-20 mm. Dorsoventrally Oat leaf-like body; they arc exclusively marine. 

2. Intestine with many branches. 

3. Eyes and nerve cords arc present 

4. There arc numerous ovaries and testes. 

5. Genital apertures separate. 

It includes two suborders: 

Suborder (i) Acotylea 

1. Pharynx usually vertical curtain like. 

2. No suckers are present behind the female pore. 

3. Tentacles nuchal type. 

4. Eyes concentrated at anterior margin, not in psfrs. 

Examples: Sihylochus, Notoplana. 
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Suborder (ii) Cotylea 

1. Sucker present behind the female pore. 

2. Pharynx tubular. 

3. A pair of marginal ten tides bearing eyes or with a duster of eyes in place of tentacles. 

Examples: Thysamozoon, Yungia . 

CLASS D TREMATODA 

1. They are ecto- or endoparasites and commonly called ‘flukes'. 

2. Body is usually unsegmented, dorso-ventrally Aliened and leaf-like. 

3. Size varies from 0.5 mm to 1 or several cm. long. 

4. Body b covered by thick cubde and no cilia. 

5. Suckers and sometimes hooks are present Oral sucker present at anterior end for feeding, ventral sucker for attachment 

6. Epidermis absent Rhabdiles are absent 

7. Digestive system consists of mouth, muscular pharynx and intestine usually with two main branches. Anus is absent 

8. In some cases there b a system of parenchymal vesseb showing the presence of primitive circulatory system. • 

9. Excretory organs consists of protonephridia. 

10. There are three pairs of longitudinal nerve cords. Sense organs are poorly developed. 

11. Bisexual or hermaphrodite except blood fluke (Schistosoma). 

12. Single ovary and many testes. Cross fertilization takes place. Devdopment direct or indirect 

13. Life-cyde simple or complicated with more than ooe hosts. 

There are about 6000 species in dass Trematoda. Thb dass b divided into three orders: 

Order 1 - Monogenea 
Order 2 - Aspidobothria 
Order 3 - Digenea 
Order / - Monogenea 

1. They are ectoparasite mostly in cold-blooded animals (fishes). 

2. The life-cyde is simple and passed in one host only, monogenetic. 

3. Oral sucker absent, when present b poorly developul. 

4 A pair of adhesive structures, the opisthaptor, b found on the posterior end. 

5. A large disc-shaped struck. ibc op^cr. * found oeU* posterior end... con-ins boohs and is .toed with chirin. 

6. Paired excrecory pores are present in Ibe anterior part of the body. 

7. Male and female genital pores are separate. 

8. One or two vaginae are present The uterus b small and contains few eggs. 

9. Development b indirect through a larval stage called onchomiracidium. 

Order Monogenea is divided in two suborders: 
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Suborder (i) Monopisthocotylea 

1. Opisthaptors arc present without suckcn but with books. 

2. Genito-intestinal tract is absent 

3. Posterior adhesive organ is single or divided by septa. 

4. Eye-spots usually present 

Examples: Gyrodactylus, Monocotyle, Heterocotyle. Amphibdella. 

Suborder (ii) Polyopisthocotylea 

1. Opisthaptor contains many suckers and also books. 

2. Oral suckers two, opening into oral cavity. 

3. Genito-intestinal tract present 

4. Eye-spots arc absent 

Examples: Polystomum, Diplozoon, Microcotyle. 

Order 2 - Aspidobothria 

1. Endoparasite in the digestive tract of fishes and reptiles. 

2. Oral sucker is absent 

3. The ventral sucker is divided by septa into many small parts. Tbe books art absent in it 

4. Single excretory port. 

5. Only one testis is present . 

6. Development direct, without alternation of hosts. 

Order Aspidobotbria is divided into two families: 

Family (a) Aspidogasthdae 

1. Sucker enormous circular, oval or elongated, divided by septa into one, three or four longitudinal rows of depress ions termed 
alveloli 

2. Protoncphridia have separate bladders and separate or a common nephridiopare situated near the posterior cad. 

3. Testis single. 

4. Laurcr's canal may be present 

5. Endoparasite in the mande, pericardial and renal cavities of dams and snail and in digestive system of fish and turtle. 
Examples: Aspidogaster, Cotylaspis, Cotylogaster. 

Family (b) Stichocotylidae 

1. I* consists of only one genus wbicb lives in bile passage or spiral valve of fishes. 

2. The life cyde is complex one, involving at least two hosts. 

Example: Stichocotyle. 

Order 3 - Digeiua 

1. They are endoparasite m invertebrate and vertebrates. 
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2. Two to four hosts in the life-cyde. 

3. Two suckers, without books, mouth within anterior sucker. 

4. There is only one excretory pore present in the posterior region of the body. 

5. There is a common gonopore for male and female reproductive systems. Vagina is absent. 

6. Uterus is long branched with many eggs. 

7. Their larval forms reproduce ascxually before metamorphosis. 

Order Digenea is divided into many families; some important ones are as: 

Family (a) Bucephalidae 

1. They are commonly called gastiostomes. The mouth is located in the middle of the body. 

2. Anterior end bears a simple or lobate oral sucker or has a generally lobed hood-like extension. 

3. Intestine sacciform. 

4. Acetabulum absent. 

5. Genital pore posterior. 

6. The cercaria larvae known as oxhead, have a pair of long tails. 

7. The primary host is fish and secondary host b clam. 

Examples: Bucephalus, Bucephalopsis. 

Family (b) Paramphistomidae 

1. Body thick and fleshy with a powerful posterior sucker. 

2. Cirrus pouch is present. 

3. Oral sucker is absent 

4. Gonopore. situated in the anterior body half and provided with in some genera with a genital sucker. 

5. Nephridiopore dorsal infront of acetabulum. 

6. Uterus long having ascending limb. Vitelline glands follicular. 

7. These are the endoparasites of gut and bile ducts. 

Examples: Paramphistomum, Gastrothylax 

Family (c) Opisthorchidae 

1. These are distomes of small to large size. 

2. They live in the bile passage of fish-eating reptiles, birds and mammals. 

3. Body flat and semitransparent 

4. Excretory bladder *V' shaped. 

5. Testes posterior. Genital pore infront of acetabulum. 

Examples: Opisthorchis, Amphimerus, Metorchis. 

Family (d) Fasciolidae 
1. Commonly known as liver flukes. 
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2. Body leaf-like and acetabulum near the oral sucker. 

3. Gonopore just infront of the acetabulum. 

4. Testes, ovary, vitelline glands all are branched. 

Examples: Fasciola hepatica, Fasciplopsis buski 

Family (e) Echinostomaiidae 

1. Body slender, elongated with spiny or scaly cuticle. 

2. Acetabulum large behind the oral sucker. 

3. Collar of spines is present in cercarial and metacercarial stages. 

4. It is commonly found in the intestine of birds. 

Examples: Echinostoma, Echinoparyphium, Parochis, Himasthla . 

Family (f) Schistosomatidac 

1. These are blood flukes that inhabit the hepatic portal system and pelvic veins of birds and mammals. 

2. Sexes are separate. 

3. Female lodges in a gynaccophoric canal of male. 

4. Testes numerous and ovary tubular. 

Example: Schistosoma 

Besides above families the others are: 


Family • Zoognidae. 

Family • Allocreadidae. 
Family • Azygiidae. 

Family • Hemiuridae. 
Family • Didymozoonidac. 
Family - Gorgoderidae. 
Family • Plagiorchidae. 
Family - Dicrocoelidae. 
Family - Heteropbyidae. 
Family - Microphallldae. 
Family • Troglotrematidae. 
Family - Cyclocoelldae. 
Family • Ginostomatldae. 
Family - Notocotylidae. 
Family • Strigeidae. 

Family • Brachylaimldae. 
Family • Sanguinicolidae. 
Family • Spirorchidae. 
Family - Heronimidae. 


Examples: Zoogonus, Nassa. 

Examples: Bunodero, Plagioporus. 
Examples: Aiygia, Otodistomum. 
Examples: Halipegus, Dcrogenes. 
Examples: Dadymocystis . 

Examples: Gorgoderina, Gorgodera. 
Examples: Plagiorcfus, Styphlodora. 
Examples: Dicrocoelium, Eurytrema. 
Examples: Stictodera, Heterophyes . 
Examples: Sptlotrema, Maritrema. 
Examples: Paragonimus, Troglotrtma. 
Examples: Cyclocoelus, Typhlocoelum. 
Example: Clinostomum. 

Examples: Notocotylus, Catatropis. 
Examples: Ophiosoma, Cyanihocotyle 
Example: Brachylaima. 

Example: Sanguinicola. 

Examples: Spirorchis, Hapalorhynchus 
Example: Hercnimus. 

• 

CLASS in CESTODA 


. They are found as endopaiasites in the intestine of vertebrates and are called tapeworms. 
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2. Body is Oat, elongated and ribbon-like, measures from 1 mm to 10 metres in length. 

3. Body is without epidermis, rhabdites, cilia but a cuticle is present 

4. Body is usually divided into a scolex or bead, neck and few to many proglottids. 

5. Scolex is provided with books or suckers or both. 

6. Scolex is followed by neck which forms new 'proglottids* by transverse budding called stabilization. 

7. Mouth and digestive tract are absent 

8. Excretory system consists of protonephridia with flame - cells. 

9. Nervous system consists of ganglionated nerve ring in scolex and two pairs of lateral nerve cords in proglottids. 

10. Each proglottid contains one or two sets of male and female reproductive organs. Thus they are hermaphrodite. 

11. Several testes in the form of follicles and singJe-lobed ovary. 

12. Uterus presents a great variety of structures. 

13. Fertilization internal and self. 

14. Life-cycle is complicated with hooked embryo, and is passed in more than one host. 

Class Cestoda has about 3400 species. The class is divided into two sub-classes: 

Sub-class (A) Ccstodaria or Monozoa 
Sub-class (B) Eucestoda or Merozoa 
SUB-CLASS (A) CESTODA RJA 

1. Endoparasites in the intestine and coelomic cavities of Gsbes and reptiles. 

2. Body is formed by one segment and without a scolex. 

3. No alimentary canal. 

4. Single set of reproductive organs. 

5. Larva with ten hooks, known as pycopbore. 

Sub-class Ccstodaria is divided into two orders. 

Order l • AmphUinidea 

1. They are endoparasites in the body cavity of ganoid fishes. 

2. Frontal gland and protrusible pharynx are present in the anterior part of the body. 

3. Suckers arc absent 

4. A proboscis is present 

5. Male and female pores present in the posterior pari of body. 

6. Uterus is coiled and opens near the anterior end. 

Example: Amphilina 

Order 2 - Gyrocotylidea 

1. They are endoparasites of cbimaeroid fishes. 

2. Anterior end has cup-like sucker. 
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3. Evers ible proboscis a! anterior end. 

4. Male and female pores art situated at the anterior half of the body. 

5. Uterus not cofled. 

Example: Gyrocotylus. 

SUB-CLASS (B) EUCESTODA 

1. Elongated, flat body is divided into many proglottids. 

2. Body is divisible into scolex, neck and stxobila. 

3. Scolex with suckers, spines and hooks for attachment to host 

4. Each proglottid with male and female reproductive organs. 

5. Larva with six hooks. 

Sub-class Eucestoda is divided into following orders. 

Order I - Tetraphyllidea 

1. Endoparasite, exclusively in the intestine of elasmobranch fishes. 

2. Scolex provided with four bothria (sessile suckers) often with books. 

3. Testes lie infront of ovaries. 

4. Cimis armed with hairs, spines or books. 

5. Common genital atrium marginal. 

Examples: Phyllobothrium, Acaruhobothrwm. 

Order 2 • Lecanictphaloid e a 

1. Intestinal parasites of elasmobranch lobes. 

2- Scolex divided by a transverse groove in two parts upper with disc and lower with four suckers. 
3. Vitellaria in two lateral bands. 

Examples: Lecanicephalum, Polypocrphalus. 

Order 3 - Proteocephalidea 

1. These are endoparasites of freshwater fishes, amphibians and reptiles. 

2. Scolex mobile with four lateral suckers, an apial sucker in some. 

3. Ovary bilobed. Uterus with many branches and pores. 

4. Vitellaria scattered. 

5. Common genital atrium marginal. 

Examples: Proteocephalus, Ophuxaema 

Order 4 * DiphjUidea 

1 . Parasitic in the intestine of elasmobranch Gsbes. 

2. Proglottids only 20 or less. 

3. Scolex with two bothria and a spiny bead stalk. 
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4. Vitcllaria scattered. 

Example: Echinobothrium. 

Order 5 - Trypanorhyncha 

1. Parasitic in the spiral valve of digestive tract of elasmobrancb fishes. 

2. Strobila is segmented and is of modrate size. 

3. Scolcx with two or four sessile bolhria and four protrusible spiny proboscis. 

4. Testes extend beyond ovary posteriorly. 

Examples: Haploboihrium, Teirarhynchus. 

Order 6 - PseudophyUidea 

1. Endoparasites in the intestine of fishes, birds and mammals. 

2. The larva lives in crustaceans. 

3. Generally six shallow groove-like suckers and bookless bolhria are found on the scolex. 

4. Proglottids may be absent or present. 

5. Neck is not developed. * 

6. Many yolk glands are present 
Examples: Amphicoryle, Diboihriocephalus. 

Order 7 • Nippotaeniidea 

1. Endoparasite in the intestine of Japanese freshwater fishes. 

2. Scolex with single terminal sucker. 

3. Proglottids few, each with one set of genitalia. 

4. Vitcllaria compect 

Examples: Nippotaenia, Amurotaenia. 

Order 8 - Taeniidea 

1. Endoparasites in the intestine of birds and mammals. 

2. Elongated body, with proglottids. 

3. Scolex bears four suckers often with an apical rostellum armed with books. 

4. Excretory system with four longitudinal vessels and Dame cells. 

5. Complete sets of reproductive organs in each proglottids. Single compact yolk gland. 
Examples: Taenia, Echinococcus. 

Order 9 • Aporidea 

1. It is endoparasite of swan (birds). 

2. Scolex with four suckers, rostellum armed. 

3. No segmentation, ootype, yolk glands and sex-ducts or pores. 

Examples: Nematoparataenia, Gosirotaenia. 
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Phylum 

Class 

Order 

Genus 


POLYCHOERUS ^ 

Platyhelmintbes 
Turbellaria 
- A cod a 

Potychoerus 


It is found in littoral zone of ocean shores in colder winter. 

It is bright orange or orange red in colour. 

Body flat, oval, changeable shape. Tlje anterior end is round while posterior end is not ched 
bearing tail filament. 

Entire body is covered with cilia. 

Statocyst is present in median line. 

Digestive tract is absent. 

Definite gonads are wanting. Yolk glands are absent. Definite oviduct absent. 

The seminal buna opens vertrally by female gonopore. 



Fig. 30.1 Pofyohoonu. 


Penis is present 


CONVOLUTA 


Phylum 

Class 

Order 

Genus 


Platyhdmintbes 
Turbellaria 
A cod a 
Convolute 


Convolute is found in sea water. 

Living under stones, among algae and most commonly on the bottom mud. 

Small worm with sides of the body are held curved ventrally without any projec¬ 
tions. 

But the body has pigment cells. 

The anterior or cephalic end has two eyes, a statocyst and duster of frontal glands. 
The mouth a located near the anterior half of the ventral surface. 

A digestive cavity is lacking. 

The excretory system is completely absent 
Hermaphrodite but protandry is common. 

The eggs are endosed in a thin gelatinous capsule and are struck to some objects. 
The eggs are developed directly into young worms that escape from the jelly. 



Pig 


Convolute 


CENTULA 


Phylum 

Class 

Order 

Suborder 


Platybdminthes 

Turbellaria 

Rhabdocoela 

Notandropora 
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1. It is a freshwater Turbellaria. 

2. The pharynx is simple. 

3. Single median protonepbridium. 

4. Nervous system consists of four pairs of longitudinal nerve cords and a statocysL 

5. Asexual reproduction by fission with chains of zooids. 

6. No sexual reproduction. 

MICROSTOMUM 


Phylum 

Class 

Order 

Suborder 

Genus 

1. It is a microscopic, freshwater form. 

2. It swims by means of cilia present on the body surface. 


Platybelmintbes 

Turbellaria 

Rbabdocoela 

Opisthandropora 

Microslomum 



Fig. 30.4 


Microitommm. 
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3. Its epidermis contains nematocysts derived from bydroid food. 

4. It is found that Microsiomum attack Hydra only when it needs nematocysts. 

5. The digestive cavity is simple, unbranched and straight. 

6. I. reproduce .scxu.lly by re peered rreruvenc fission forming . Hoc* cbsio of 4, 8 or 16 sooids. Escb zooid sep.rstes lo 
become an individual. 


TEMNOCEPHALA 


Phylum 

Gass 

Order 

Suborder 

Genus 

1. It is found as an ecto- commensal on cray-Gsh, prawns 
and other crustaceans. 

Z It contains 12 finger-like projections or umacles at 
anterior end and an adhesive disc at the posterior end. 

3. The border of syncytial epidermis is apparently cutide 
devoid of cilia. 

4. Mouth anterio-ventral. Pharynx thick walled and simple 
lobulated intestine present 

5. It feeds upon diatoms, rotifers and other small animals. 

6. A pair of nephridiopores is present on the dorsal surface 
of the anterior part of the body. 

7. Cerebral ganglion bears two dorsal eyes. 

8. There are four testes and single ovary. Their gonoducts 
leading into a common genital atrium. 


Platyhelminthes 

Turbellaria 

Rhabdocoela 

Temnocepballda 

Temnocephala 
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Flf. 30.5 Temnociptiala. 


PLAGIOSTOMUM 

Phylum 

Gass 

Order 

Suborder 

Genus 


1. It is present in both fresh and marine waters. 

Z Mouth is anterior. 

3. Pharynx is bulbose. Intestine with short diverticula. 

4. Gonoporc posterior. 

5. Sperm is characteristic in having wing-like lateral expansions. 


Platyhelminthes 

Turbellaria 

Allocoda 

Cumulata 

Plagiostomum 


mooih 



Fig. 30.6 Plagiostotwm. 
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BIPAL1UM 




Phylum 

Class 

Order 

Suborder 

Genus 


Platybelminthes 

Turbcllaria 

Tricladida 

Terricola 

Bipalium 


1. Bipalium is a long terrestrial turbellarian living the humid soil on the floor of tropical 
forests. 

2. It is cosmopolitan in distribution. 

3. The animal measures 20-50 cm in length. 

4. It consists of an expanded lunate head and cylindrical long body. 

5. Numerous eyes are present on the margin of the bead and sides of body. 

6. There are stripes on the dorsal surface and a deeping sole on the ventral surface. 

7. The stripes are purple, black, yellow, olive and grey in colour. 

8. Reproduction generally asexual. It never becomes sexual in temperate climate and it 
propogates by fragmentation. 



9. Bipalium adveruium breeds sexually. 


GUNDA 


Phylum 

Gass 

Order 

Suborder 

Genus 


Platybelminthes 
Turbellaria 
Tricladida 
Mori cola 

Cunda (Proc erodes) 



Fig. 30.8 Cundatcgmniizi. 
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1. It is a marine animal. 

2. The auricle and a pair of eye or ocelli are present in the anterior end. 

3. Intestine has regularly arranged intestinal diverticulae. The gonads alternate with the diverticulae giving the appearance of 
segmentation. 

4. Incapable of sexual reproduction. 

5. Lang used the feature of intestine as a classical example in support the gooocoel 
theory of coelom formation by Haeckel. 


THYSANOZOON 

Phylum 

Class 

Order 

Suborder 

Genus 


Platyhelminthes 
Turbellaria 
Polydadida ' 
Cotylea 
Thysanozoon 


1. It is found in a less cold water of sea. 


2. It has an oval body with dorsal surface beset with papillae, each receiving a branch 
from intestine. 

3. Anterior end bears a pair of marginal tentacles and numerous cerebral eyes. 

4. Pharynx is tubular. 

3. Glandulo-muscular adhesive organ is present on the dorsal surface behind the female 
gonopores. 

d. A single female genital pore lies behind the male genital pores. 

7. Seminal bursa is absent 
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APIDOG ASTER 


Phylum 

Class 

Order 

Genus 


Platyhelminthes 

Trematoda 

Aspidobolhria 

Apidogasler 


1. It is an endoparasite in the pericardial and renal cavities of freshwater mussel and 
in the gut of fishes and turtles. 

2. Body is elongated and dorsoventrally Q a termed with anterior narrow end. 

3. The narrow anterior end has a subtcrminal mouth which is devoid of oral sucker 

4. A large sucker appears which occupies great space in the posterior region of body. 
The sucker is sub-divided into four longitudinal rows of sucking cups or alveoli. 

5. Gut is simple and straight 

6. Excretory system consists of protonephridia with excretory bladders. 

7. Bisexual lifc-cyde without change of bo61 


mouth funnel 


Pharytu 




pms 


fecal 


Fig-30.10 Aspidogaucr. 
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POLYSTOMUM 



Phylum 

Platybeiminthes 

Class 

• -Monogenea. 

Order 

- Monogenea 

Suborder 

- Polyopisthocotylea 

Genus 

- Pofysiomum 

perns 

- mouih 


ot*»ih*p*of 



pharuu 


mt«ti 


heeis 

Fig. 30.11 Potyti&Hum. 

1. It is an endoparasite in the urinary bladdar of frogs, and turtles. 

2. Body is leaf-like and dorso-venlally flattened. 

3. The posterior region bis • disoshaped opistb.ptoc with six carp-like suckers ind 2 lo 4 Urge chitinous hooks. 

4. Mouth is surrounded by a oral sucker. 

5. Intestine is bifurcated. 

6. Hermaphrodite with single ovary and numerous tests. 

7. Breeding season stirts in spring. Eggs ire produced in the urinary blldder oi frog «d dischirged into the wller llong wtlh 

8. Hatching takes place after 4 to 5 weeks and larva a niches to the gills of tadpole and liter develop into adult in the alimentary 
canal of metamorphosed tadpole. 

DIPLOZOON 


Phylum 

Class 

Order 


Platybeiminthes 

Monogenea' 

Monogenea 



Helmuidu* 


Suborder 

Genus 


Polyopistbocotylea 

Potysiomum 
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1. Diplozoon is an ectoparasite, found attached Co Che gills of freshwater fishes, feeding on Ibeir blood. 

2. Two individuals are always found attached permanently together in the form of *X\ 

3. Opisthaptor bears eight suckers arranged in two rows of four each. 

4. Digestive system consists of mouth surrounded by oral sucker, pharynx and intestine. Intestine is not bifurcated. 

5. Reproductive system consists of a testis and ovary along with their usual ducts. 

6. The sperm duct, uterus and vagina of one individual cross with those or other and thus ensures cross fertilization. Uterus 
surrounded by mehlis’ glands and contains one egg. 

7. Egg differcnciates into diporpa larva, two of which unite and metamorphosed into adult individual. Larva has two eyes 
digestive system & a pair of suckers. 


GYRODACTYLUS 


Phylum 

Class 

Order 

Suborder 

Genus 


Platyhelmimhes 
Trematoda 
Monogenea 
Monop is thocotylea 
Gyrodactylus 


1. It is an ectoparasite on the skin and gills of freshwater fishes. 

2. Body is minute and elongate. 

3. Anterior end is provided with adhesive glands and organs. Oral sucker is absent 

4. Eyes are absent 

5. Opisthaptor is disc or wedge-shaped and bears one pair of anchors and eight pairs of hooklets. 
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Fig. 30.13 Gyodartytus. 


6. Intestine b sac-like forked into two branches without diverticula. 

7. Genito-intestinal canal b absent. Genital pore b median. 

8. Development is intra-uterine Le. viviparous. 

9. A remarkable feature b that a second embryo b produced within the first one. a third within the second and a fourtfc»within 
the third. The first embryo, on completing its development passes out. still enclosing the other embyros. and attaches dirt y 
to a host fish. 


GIGANTOCOTYLE (P ARAMP HISTO MUM) 


Phylum 

. Platybelminthes 

Class 

. Trematoda 

Order - 

Digenea 

Family 

. Parampbbtomidae 

Genus 

. Giganiocoiyle 


1. It b an cndoparasite in the rumen of cattles and bile-duct of sheep, goat etc. 
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2. Body is doreoventrally flatenned and measuring 12-14 mm in length. 

3. Mouth lies at the anterior end and without an oral sucker. 

4. Acetabulum is very prominant and lies at the posterior end. 

5. Digestive system consists of mouth, highly muscular pharynx and bifurcated, un- 
branched intestine. 

6. Parenchyma has a sort of delicate tubes forming much branched lymph tic system. 

7. Testes are lobed and occur near the middle of the body. 

8. Ovary is small, lobed and lies posterior to testes. 

9. Vitellaria arc scattered on the sides of animal. 



10. Genital pore is just behind the bifurcation of intestine. 


Fig. 30.14 Otgaruxotyl'. 


11. Uterus is slightly folded and eggs are very large. 


GASTROD1SCOIDES HOMIN1S 


Phylum 

Class 

Order 

Family 

Genus 

Species 

1. It is an endoparasite in the colon and caecum of man. 

2. It is found in India and Indo-Cbina. 

3. It measures 5-7 mm in length. 

4. Body is differentiated into anterior and posterior part 

5. Terminal mouth is present an anterior part 

6. Oral sucker is absent 

7. Posterior part bears a prominant acetabulum on ventral side. 

8. Gonopore is in the anterior half of the body on ventral side. 

9. Excretory pore lies on the dorsal side infront of acetabulum. 


Platyhelminthes 

Trematoda 

Digenea 

Paramphistomidae 

Gastrodiscoides 

. mouth 



acetabulum 


10. The secondary host b snail. 

11. It causes inflammation and diarrhoea. 


n,. 30.15 Om&Koidu. 


GASTROTHYLAX 


Phylum 

• 

Platyhelminthes 

Class 

• 

Trematoda 

Order 

- 

Digenea 

Family 


Paramphbtomidai 

Genus 

- 

Gnstrothylax 


1. It b In endoparasite in the rumen of cattles. 

2. l! is elongated an,mil possessing a deep venttal pond, which extends upton the venlt.1 sucker and it is supposed to be 
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Fig. 30.16 Ctauoihflax. 


elongated genital chamber. 

3. Digestive system includes mouth, pharynx, ocsophegus and simple non-diverticulated intestine. 

4. Two rounded testes near the base of the pouch. 


5. 

6 . 
7. 


1 . 

2 . 

3. 

4. 

5. 

6. 

7. 

8 . 


Female reproductive organs consists of single ovary, uterus, ootype. vagina and 
seminal rcceptide. 

Single excretory pore is present. 

Posterior end is divided with large acetabulum or adhesive sucker. 



FASCIOLOPSIS BUSK! 

Phylum 

• Platybelminthes 

Class 

- Trematoda 

Order 

• Digenea 

Family 

Fasciolidae 

Genus 

- Fasciolopsis 

Species 

- buski 


It is a large intestinal Guke of man. dogs, pigs etc 
It is found in India and China. 

It measures about 70 mm in length and 20 mm in width. 

Oral sucker and acetabulum both are well developed. 

Mouth surrounded by oral sucker leads into small pharynx. Oesophagus is short 
and leads into non-diverticulated caeca. 

Gonads are present in posterior region of body. 

Intermediate host is snail. 

Cercari, larvae encyst on tubers of wale, caltrop o, singhara. The singb.r, is 
eaten raw and thus infection «*ccurs. 
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9. It causes inflammation and haemorrhage of the intestine. 


PARAGONIMUS WESTERMANNI 


Phylum 

- 

Platybdminlhes 

Class 

• 

Trcmatoda 

Order 

• 

Digenea 

Genus 

- 

Paragonimus 

Species 

- 

westermanni 



Fig. 30.18 Paragon.ut. 


e * r ™°ry port 


1. Paragonimus westermanni or Lung fluke is parasite in the lungs of mammal including man. 

I The body of the fluke is oval with well developed oral sucker surrounding the mouth and a ventral sucker in the centre of 
the body. 

3. The internal organs are very much like that of Fasciola hepatica. •• • 

4 ' POrtelS "* , ° m " d ,,0 “ nd wb ‘ c, ‘ n ‘‘ ,n,re »»<* liberate ibe eggs kilo broncbUI loba lo bo oxccuiod 

V 

5. The miracidia live only few hours after batebing.- 

6. The cercariae are long, have small knoh-like tail and spiny cuticle. 

7. They do not swim hut creep in leech-like manner. 
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8. They pierce ihc cuticle oferay-fish where they become encysted inside the tissues and g-idually develop into mature infective 
metacercariae. 

9. The infection of the new host usually takes place by eating infecled crab or cray-fish 

10. They cause or help in tuberculosis, cough and blood stained sputum. 

AMPHILINA 


Phylum 

- 

Platybelminthes 

Class 

- 

Cestoda 

Subclass 

- 

Cestodaria 

Order 

• 

Amphilinida 

Genus 

• 

Amphilina 


probosn* 



pfopubion vcatctc 

Fig. 30.19 Amp Ulimm 


1. It is an endoparasite found In the coelom of fish .Acipenser. 

2. Body flat and leaf-like. Scolex is absent 

3. Anterior end is provided with weakly developed protrusible proboscis. 

4. Testes are scattered and cirrus is armed. 

5. Vagina lies behind the ovary and opens on the left side. Uterus is coiled. 

6. The intermediate host is a crustacean, Gammarus, which is eaten by Acipenser. 
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TETRARHYNCHUS 


Phylum 

Platyhelminlhes 

Class 

Ccstoda 

Subclass 

• Eucestoda 

Order 

Trypanorbyncba 

Genus 

- Tttrarhynchus 


probosodcj 



Fig. 30.21 Teirarkynekvs. 


1. It b an endoparasite in the intestine of clasmobrancb fishes. 

2. Body b long divisible into scolex and proglottids. 

3. Scolex b long and differentiated into a long proximal part containing the proboscb apparatus and a dbtal part beanng c 

bothria or sucker. ***** 

4. Scolex bears four suckers «.ch w,,h , cvcrsiblc proboscis .mred wi,b specs. The proboscis .re reuxcblc in muscol.r sbe.dK 
which end in muscular bulbs. 

5. Each proglottid contains a complete set of reproductive organs. 

DIPH YLLOBOTHRIUM (DIBOTHRIOCEPHALUS) 


Phylum 

Class 

Subclass 

Order 

Genus 

Species 


Platybclminthcs 

Ccstoda 

Eucestoda 

Pseudophyllidca 

Diphyllobothrium 

latum 


|, » found in .bcinicsiine of m.n. It is wo, Id-wide in dbBiboiion. 
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2. II is the largest and most pathogenic cestod of 
human beings, measuring 20 metres in 
length. 

3. Body is differentiated into scolex. neck and 
proglottids. The number of proglottids is 
3000-4000. 

4. Scolex is fusiform and bears two slit-like 
suckers or bolhria. 

5. Mature proglottid broader than loug. 

6. Each proglottid is hermaphrodite and con¬ 
tains complete sets of male and female 

> reproductive organs. 

7. Testes are numerous. Vasa efTercnlia unite to 

• form coiled sperm duct 


ui pouch 



8. Ovary is trilobed. Vagina runs posteriorly 

\forming seminal vesicle. Uterus very much Fig. 30.22 A-ScoW». o-a -at." f-ogtou.d. 

twisted. 


9. Gonopores ventral. 

10. Life-cycle involves two intermediate hosts, one is Cyclops (a copipod) and other a lisb. 
If. It causes botb'riocepbalus anaemia, erythropenia and haemorrhage. 


MONIEZIA 


Phylum 

- 

Platyhclminlhcs 

Class 

. 

Cestoda 

Subclass 

- 

Eucestoda 

Order 

- 

Tacnioidca 

Genus 

• 

Moniczia 

Species 

• 

expansa 


1. |t b found in sheep, cattles and other ruminants. 

2. Body is divisible into scolex, neck and proglottids. 

3. The scolex is small with prominanl suckers. The rostellum and books arc absent. 


4. Each proglottid is broader than long 
and contains a double set of 
reproductive organs. 

5. Genital ducts are dorsall to osmo- 
retgulatory canals. 

6. Testes are numerous scattered 
throughout the centre of proglottid. 
Cimis in cirrus pouch. 

7. Ovaries arc in the form of an open 
fan. Uteri form networks. 

8. On one side vagina is dorsal to cir¬ 
rus pouch and on other ventral. 



Fig. 30.23 Afauaia. A—TWo proglottids B—Scolex. 


MCtCfl 



B 
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9. The uterus develops as a network of canales, but latter breaks up into a large number of uterine capsules, each enclosing 
3-30 embryos. 

10. Intermediate host is dog-fleas, Cienocephahu cams and Pulex irritans. 


TAENIA SAGINATA 


Phylum 

Platybclminlhes 

Class 

Cestoda 

Subclass 

Euccstoda 

Order 

- Taenoidea 

Genus 

- Taenia 

Species 

- saginaia 


1. It is commonly called the beef tapeworm. It lives in the 
intestine of man where beef is eaten. 

2. The body is dorso-ventrally flalenned and much larger than 
Taenia solium. It measures 15-20 feet in length. 

3. Body is divisible into scolex, neck and progloltidv 

4. Scolex bears four large suckers for adhesion and devoid of 
rostellar books. 

5. About 1000 proglottids arc present 

6. Testes are about 300-400. Ovary in the form of two lobes. 
Ootypc is present surrounded by Mebli’s gland. 

7. Life-history is similar to T. solium. 

8. Intermediate hosts arc canlcs. 


wfiert 



Fig 30 26 


Tomio login ala. 
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9. The intermediate host is mite ( Calumna ). 

10. It is not so pathogenic but sometimes may cause diarrhoea or anaemia. 

HYMENOLEPIS NANA 


Phylum 

Class 

Subclass 

Order 

Genus 

Species 


Platyhelmintbes 

Cesloda 

Eucrstoda 

Taenoidea 

Hymenolepis 

non a 


1. It is commonly called the dwarf tapeworm of man. It lives in the intestine. 

2. It is world-wide in distribution. 

3. It measures 25-40 mm in lengths and has about 100-200 proglottids. 

4. The rostellum is well-developed and retractile. It bears a single circlets of 20-30 books. 

5. Neck is long and slender. 

6. There are three testes with varying arrangement Cirrus pouch is large with external and 

internal seminal vesicle and with an accssory sac. f 

7. Life-bistory is simple without any intermediate host 

8. The inner membrane of the hexacantb bears long, wavy filaments. 

9. Larvae develop in the intestinal villi while the adult lives in the intestine. 

10. It causes abdominal pain and diarrhoea. 

DIPYLIDIUM CANINJUM 

Phylum - Platybclmintbs rowetUr 

2=.- : yKZ*. I V,. 


••hooks 

roweUum 

I 


Fig. 30.24 Scolez of Hymenoltpit. 


Phylum 

- Platybclmintbs 

Class 

• Cesloda 

Subclass 

- Eucesloda 

Order 

- Tacnioidca 

Genus 

- Dipylidium 

Species 

- canimun 


1. It is commonly called dog-tapeworm. 

2. It has world wide distribution. 

3. It lives in the intestine. 

4. It measures 15-40 an in length and has under 
200 proglottids. 

5. The scolex is somewhat triangular and bears 
four deeply cupped suckers. 




m 

~ feasgjg 


uterine 

capsules 


vapna . viprv* 

- mm 




proghJitidcs 


I 


6. Rostellum is retrctilc into a rostellar sac in 

scolcx. It bears about 60 hooks in 3-7 rings. Cl „ . . . . „ .. 

^ Fig. 30iS Diftfubm. A—Aaterior pan. B—M»t«rc pcoglotils. 

7. Mature proglottids are long and barrel shaped C-Ripeprogjotiz. 

having . double sc! of Mile .nd fcm.lt sc o^.os. TlegcmUl poms ,t fcc middle of boll. Uknl m.,gins. 

8. Numerous testes are present before or behind the female genitalia. 
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DUGESIS (PLAN ARIA) 


Planar,a or Dugesia belongs lo d.ss Tutbellaria. The TurtKlIarians .re mostly bee-living, unsegmented fl.twonns that ue 
clothed with . cellular epidermis, which is usually cili.ted, sometimes only in puts. Turtoelbruns are pnmanly 
great majority are marine. Although there are a few pelagic species, most of theatre bottom that 

under stones and shells, or on sea weeds ,Degusia is.mong them. The followmg desenpnon moady belongs lo the common fresh 
water genus, the Degusia formerly called PUmaria. It is a well-known represenUbve of the Turbellana. 

SYSTEMATIC POSITION 


Phylum 

Platyhelminthes 

Class 

- Turbellaria 

Order 

Tricladida 

Family 

. Plana riidae 

Genus 

- Dugesia 


Habits and habitat 

^ ^ T« a^n^r*llv inhibit DUfC C( ,1° and clear water. Some species remain in currents, 

lakes, marshes, rivers and small streams. They generally P , rlhf surface but when at rest they crawl down to the bottom 

— - — •—* —- ta ^ " 

if pieces of meat are dropped in water near the back. 

If starved they become smaller, but if well-fed they Uy cocoons 
containing eggs which hatch to give young. They are carnivorous and 
extremely cannibalistic. 

MORPHOLOGY 

Shape, Size and Colour 

These arc small, thin.dorsoventnlly flatenned.laterally sym«bi^ 

Structure 
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Diigesia (Planaria) 

organs. On Ore dorsal side of .he head, near .be anterior ^ihTmou^rou'gh which 

surface of .he body is covered wi.h cilia, which help in locomotion. 

BODY WALL 

epidermal cells .he following other lypes of cell are also presen.: 

(i) Gland cell secreting adhesive substances. 

(ii) Rhabditogencell which scae.es and contains rbabdi.es. 

(iii) Sensory cell. 

Rhabdi.cs are arranged a. right angles to .he 
body surface. They are hyaline elliptical structures 
secreted by rhabditogen cells. When they ate ex¬ 
pelled out they swell on contact with water forming 
a sticky froth around the body. This may be protec¬ 
tive. help in gliding or even in capture of food. Some 
workers like Reisinger and Kelbeu (1964) suggest 
that the rbabditesand ncmatocystsare evolutionary 
related. 

Below the epidermis arc granules and rods of 
pigments. The gland cells arc unicellular, some 
occur in the epidermis but most of them are in the 
mesenchyme. They have long necks opening on the 
surface and secrete mucous. 


.luriei 


itttbditca 



free mesendiyma 


mucous gland cell 
parenchymal muscle 


Fig. JU 


Below the epidermis is a thin elastic basement membrane at which 
the epidermal cells rest It maintains the general form of the body and 
provides surface for the attachment of underlying muscles. 

The muscle layer consists of outermost this sheet of circular 
muscle fibres, middle broad diagonal muscles and innermost is the 
longitudinal muscles. On the ventral body wall the longitudinal 
muscles are more developed as this surface is important in the locomo¬ 
tion of the animal. Some muscle fibres run dorsoventrally in 

mesenchyme. 


TS. ot body wall 10 »bow dilated cpIdcraU . ad 
m«cte la yen. 

oarenchymal muKle , 

mucous gland cell ^ mucks / 

pigment 



diagonal muscles 
titular muscles 



basal bodies 


ihpbdse nucleus cilia 


Mesenchyme. The bulk of body-wall and the Interior is filled with 
mesenchyme, which consists of connective tissue (net-like syncytium 312 Dy . V L& V catral ^ M 

containing nuclei), free wandering cells and fluid filled spaces. The 

wandering cells multiply by mitosis and differentiated into other types of cells. These cells help in regeneration in the Dugesia. 
Parenchyma or mesenchyma helps in transport of food, assimilation and in the excretion of waste products. 


PHYSIOLOGY 
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locomotion 

Dugesia is aquatic but it docs noi 
swims. The animal exhibits two types of 
movements. 

1. Gliding movement 

2. Crawling movement 

1. Gliding movement. In gliding 
movement cilia present on the ventral 
surface beat against a track of mucus 
secreted by the mucous glands. As a 
result of ciliary action, the animal is 
propelled forward in a gliding manner. 
The wave of ciliary action proceeds from 


gland cell 


Dugesia (Planaria) 

epidermis 

longitudinal muscle 


cuUrmusctc 



formative cell 


dono>entral muscle 


nerve cord 


ciliated cell 


Fig. 31.4 Dmgemt TS. body sbowiag tbe deposition of muscles, 

■erve cord etc. 


food- 


the anterior to the posterior end and the head of the animal b slightly elevated. 

2. Crawling movement. It b brought about by the contraction of muscles. The 
wave of contraction extends from anterior to the posterior end. contraction of 
circular and dorsovcnlral muscle elongate the body, the anterior is held fixed to the 
substratum by mucous and the posterior end b then pulled foiwards by contraction 
of longitudinal muscles. 

Sometimes transverse waves of contraction sweep tbe length of the body 
causing its undulations in the vertical plane and enabling the Planaria to crawl 
forward. Differential action of local muscle groups produces turning or twbting 
movements. 

DIGESTIVE SYSTEM 

Alimentary canal. The alimentary canal is incomplete i.e. there b only one 
opening for ingestion and egestion. The alimentary canal comprises: mouth, 
pharynx and intestine. 

Mouth. The mouth is an oval or rounded aperture situated mid-ventrally a little 
behind the middle of the body. It b surrounded by radial and circular muscle fibres 
from the subepidcrmal musculature. The muscle fibres regulate the opening or 
closing of mouth. It leads into a large cylindrical elongated chamber. The pharyn¬ 
geal pouch. 

Pharynx. The pharynx is a tubular organ situated within the pharyngeal pouch 
projects posteriorly. The pouch b bounded by a muscular sheath, the P h ° r y n f“ l 
sheath. A space sometimes called buccal cavity b present between mouth and the 
opening of pharynx. The free end of the pharynx projected of 
feeding. The projecting pharynx b called proboscis. This is brought abo y' 

action of muscular wall. Pharynx opens into the mtestme by way of a short oesophag 

Intestine. The intestine immediately divides into three cavity. All the three 

the other two lateral branches extend e Jto,o the mesenchyme. THe much branching intestine b 

, , B0fBiMUy „ 



probotfo 


mucous palh 


Dugesia. A—locomotion, 
B_Fecd!«g. 
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inner gland cells, longitudinal muscle layer, circular muscle layer and 
an endodcrmal epithelial lining. 

The intestine is simple and thin consists of a single-layered 
epithelium, the gastrodermis. The gastrodermal cells arc of two types 
pluigocylic cells and granular cells. 

Food and feeding. Normally Dugesia is lioloioic and canivorous 
subsisting for the most pari on crustaceans, insect larvae and small 
worms. During feeding, it glides through the action of cilia and the 
adhesive glands secrete adhesive secretion. When prey comes in contact 
with the secretion it becomes firmly adherent. Dugesia then folds the 
anterior end of its body over the prey and thus immobilizes it. The 
pharynx is then produced out through the mouth and through its peris¬ 
taltic action sucks up small particles of the prey into its intestine. 

■ Digestion. Digestion is initially extracellular. Food is broken down 
by pharyngeal proteolytic enzymes and endopeptidases secreted by the 
gland cells lining the intestinal wall. The broken pieces of partially 
digested food arc then digested by intracellular method. The phagocytic 
cells of the intestine engulf these particles which are digested by 
intracellular endopeptidases inside cytoplasmic vacuoles in acidic 
medium. After about 8 hours the vacuolar content becomes alkaline and 
digestion in this medium is completed by exopeptidases, lipases and 
carbohydrases. The excess of food is stored as fat and proteins in the 
intestinal cells and mesenebyma. 



anichor branch of murine 

inicsiaval diverticula 

\y muacviax pharynx 
pharyngeal rhea!h 

opcmnfof pharynx 

mouth 

lateral ootenor branches of intestine 


Fig. 31.6 Dugrtta Alimeaiiry caaal. 


Freshwater planarians ore able to withstand 
prolonged experimental starvation. In extreme 
cases, they utilize part of entcron and all the 
mescnchyma and reproductive system. In fact, the 
body volume may be reduced to as little as 1/300 
of the original. 

Egestion. Since there is no anus, the egestion 
of undigested food material takes place through 
mouth. It is brought about by the contraction of the 
muscles of body-wall. 



Fig. 31.7 


Dmgto* Dugnmnaiic rtprueauiioa. A—Relucted 
ptiryu, D—Protruded phxryax. 

Respiration. Mode of respiration is aerobic but there are no special organs for this. Oxygen from the surrounding water is 
directly into the body and carbon dioxide is diffused out through the entire body surface. FJatenned body is an adminWc 
adaptation for this type of respiration. 


EXCRETORY SYSTEM 


The excretory system ox protonephridia! system of Dugesia 
tiny enlargements known as flame cells. 


istsofa p»ix of longitudinal excretory canals tnd numerous 


0 ) 


00 


structure is composed of flame cells or cryptocytes . ' * nd Webster * 1974 )- The tennmil 

” h ot «««* • I. is . ta* tobula,. protoplasmic body. I, is 
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produced into numerous protoplasmic processes reaching the 
mesenebynme. Its terminal part b swollen into a bulb and contains a 
conspicuous nucleus. The flame cell has an intracellular space which 
is continued into capillaries. The space encloses a bunch of cilia 
which vibrate giving the appearance of flickering candle flame. 

Besides the flame cells, ctriain glandular cells called the arthrocytes or 
paranephroytes occur in close contact with the excretory canals and also help 
in removal of excretory products. 

Physiology of excretion. Excretory substance is collected from the 
mesenchyme and b transferred into the cavities of flame cells. The beating of 
cilia of flame cells causes hydrostatic pressure by which the fluid waste passes 
into the longitudinal trunks and goes out of nepbridiopores. 

According t oStorer, Woleoti, Guyer, Hickman etc. the flame cells simply 
help in excretion of nitrogenous wastes. But according to some workers like 
Mekanna, 1968; Prusch, 1976 etc. the excretory system in Dugesia is largely 
osmoregulatory bailing out excess of water. As osmoregulatory organs, the 
protonephridia might function in the following manner. The beating of cilia of 
flame cells would produce a negative pressure within the end of the tubule, 
causing Alteration of fluid across the membrane covering the fenestrations. 
Selective reabsorplion of ions, especially K+ and Cl*, by the tubule would yield 
a byposmotic fluid. 



Fig. 31.8 Dugesia. Excretory tyilem. 


NERVOUS SYSTEM 

The nervous system shows a much better development than what we found in the 
coclcnterates and can be differentiated into the central and peripheral systems. 

Just below the epidermb and behind the eyespots. there is a bilobed brain or 
cerebral ganglia in the form of an inverted *V\ Both the ganglia are connected by 
several transverse fibres. From the brain, several thin nerves are given off anteriorly 
and to the eyes. From the brain two lateral longitudinal nerve cords extend posteriorly 
along the ventral side. The two nerve cords are connected together by transverse 
connectives. 

The peripheral system b present in the form of a sub-epidermal plexus Oust below 
the epidermis) and a sub-muscularplexus below the muscle layers in the mesenchyme. 

The nerve-cells or neurons may be unipolar, bipolar or multipolar. All the neurons 
possessing neurites are similar. Htcse neurites cannot be differentiated into axons and 
dendrons. 



******* 



pharyn* 


SENSE ORGANS 


5tnor. Fig. 31.9 Dugesia. Nerve 

Dugestia possesses special sensory organs, called receptons. These are photoreceptors or eyes, auricular organs, langorecep- 
tors and rbeoreccptors. . 
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is joined wiib brain. The nerve cells enter tbc cup 
through the opening. Ectoderm over the eye is not 
pigmented. Lens b absent in eye. 

Eyes arc capable of a crude discrimination of the 
direction of light. The pigment cup serves as a shield 
and light can enter only through its opening to stimu¬ 
late the photosensitive expanded ends of retinal cells, 
thus the animal can detect the direction light. The 
animal is negatively pbototactic and is most active at 
night. If the eyes are removed it can still react to light. 
However, the reaction b much slower. Tbb shows 
that it possesses some light sensitive cells over the 
general body surface. 


(ii) Ciliated pits. Besides eyes, there are ciliated 
pits which are also sense-organs. They arc situated on 
either side of the head, having special sensory cells 
with long cil ia. These ciliated pits are connected with nervous network. 
Tentacles, which are found in some turbcllaria with long cilia, are also 
supposed to be organs of chemical sense, which help in Gnding food. 
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(iii ) Auricular organs. These are sensitive to chemical and arc 
chacmorecepton. These are in the form of a pair of whilbb ciliated 
groores, lying one on either side of the bead near the base of the 
auricles. If the auricles are removed the planarian cannot locate food. 

(iv) Tangoreceptors. These arc sensitive to touch temperature etc. 

A tangorcceptor is a small cell with fine sensory bristles that project 
over the surface except on that posses to the brain. They are particular¬ 
ly concentrated on the ventral surface around the mouth, auricles and 
the body margins. Thus ventral surface is positively thigmotadilc 
while the dorsal surface is negatively thigmotactic. 

Fig. 3l.ll 

(v) Rheoreceptor. These are sensitive to water ament. They are 
of general occurrence and their sensory processes or bristles project much beyond the level of cilia. 

REPRODUCTIVE SYSTEM 

Dugesia reproduces asexually as well as sexually. 

(1) Asexual Reproduction 

Asexual reproduction occur by <hc lnnsv«se binary fission. The plane of fusion usu.lly forms posterior Co ebe pb.ryox. 
Tbc poster.or p.rt .ruches to substratum by mucous, tbc anterior pan stretches forward until tbc animal snap into two Each half 
regenerates the wanting pans resulting in the formation of two complete planarians. Some pl.nari.ns (ragmen, into two or more 
pieces each growing into a complete individual. Asexual reproduction is restricted to some species only. Some species reproduce 

:rd^ y ;Ser,oTr CT* y d ' V " 0P ~ ^ ™ excl^vCy .Lully 

(2) Sexual Reproduction 

The reproductive organs are more complicated in these animals. The eonads i #■ • , ' . , 

meroderm and there b a system of tubules and chambers in which fertilization occurs. * * re dcnved from lhc 


The animal reproduces in early summer and the gonads are developed temporarily in the breeding 


season. The Dugesia b 
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bisexual or bermapbrodile but self-fertilization does no! lake place and ihe cross fertilization is ihe 
rule. After breeding season tbe gonads degenerate and disappear and the worm reproduces asexually. 

Mate reproductive organs. They consist of a large number of small spherical testes, which are 
situated on both the sides of the body. Each testis is connected with minute tubes, called vasa efferruia. 
These form two large ducts called vasa deferemiu. The two vasa deferentia run parallel to one another 
towards the posterior end. where these bend mesially towards the penis. Each vas deferens dilated to 
form the seminal or spermiducal vesicle with thick muscular wall. The sperms are stored here. The 
penis shows two regions, the anterior large spherical penis bulba nd the posterior narrow conical penis 
papilla with muscular wall. The lumen of penis is very narrow and called ejaculatory duel. The penis 
papilla opens into the genital atrium which terminates in the commongonopore, situated midventrally 
behind the opening of mouth. The lumen of penis bulb is formed by bulbar cavities. The bulb contains 
numerous unicellular glands, the prostate glands which open into its lumen. 

Female reproductive organs. The female reproductive organs consist of a pair o (ovaries, which 
are small spherical bodies situated laterally just behind the head. From each ovary arises an oviduct 
which extends posteriorly through the parenchyma. Immediately after its emergence each oviduct 
presents a dilation, which is known as seminal receptacle. The two oviducts unite to form a common 
vagina which opens into the genital atrium. The oviducts along their whole length are surrounded by 
numerous vitelline glands which open into oviducts by short vitelline ducts. Because of the close 
association of oviduct and vitelline glands, these arc sometimes collectively referred to as the 
ovovitelline ducts. Opening into the genital chamber is found a muscular sac-like copulatory sac or 
uterus or bursal canal. The bursal canal opens into a large sac the bursa copulatrix which receives 
penis and temporarily stores the sperms received during copulation. It opens below into female genital 
atrium. 



Fig. 31.12 Dugesia. Tnitvm, 
biury fiuloa. 
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Fig 31.14 Dugesia Copulaiioa. 

COPULATION 


v\ A7 Although Dugesia is hermaphrodite, yet cross-fertilization is a 

V 7 rule. Copulation lakes place between the two worms in which their 

V/ posterior and ventral surface come together and the penis of each is 

Fig. 31.13 Reproductive system 

may copulate many limes. 
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The zygolc (bus formed, pass backwards 
through the ovovitelline ducts and reach the genital 
atrium of female. In their way they are mingled with 
yolk cells which arc discharged by yolk glands into 
the oviducts. The diposition of yolk outside the 
zygote is unique condition in Platyhelmintbes. 
Such eggs arc called ecioleciilial. When the eggs 
arc reached in genital atrium 5-10 eggs along with 
yolk cells arc enclosed in a protective, proteineous 
shell forming a cocoon or an egg-capsule. The 
capsule is coated by a sticky substance secreted by 
the cement glands that surround and open into the 
common genital atrium. The capsule is now ex¬ 
truded through the genital pore. As it is passing out. 
sticky coaling is drawn out into a sticky sulk that 
fastens it to some object chiefly the under surface 
of stones. The capsules are laid in succession at 
intervals of a few days. 



Development 

Development sUrt soon after the cocoon is laid and the batching 
occurs in 2 to 3 weeks depending upon (be temperature of water. The 
cleavage is spiraled determinate type. No larval suge is formed hence 
the development is direct. A you ngPlanariaot juvenile glides out of the 
capsule from each egg. 



Fig. 31.16 DngtsiQ. YoiDgoac bicbiig from ibe cocooa. 


Regeneration 



Like Hydro, Dugesia shows extensive regeneration. The lost parts 
into two halves, the anterior half regenerates a new uil, 
while the posterior half regenerates a new head. If the _ 
animal is cut into three pieces, the middle piece will ' 

regenerates head on the anterior side and a uil on 
posterior side. The regenerating piece reuins the /gM — 
original linearpolarity of the whole animal. Regenera- 
lion involves epimorpliosis and morpliollaxis, the 
original parts fit to function with the regenerated parts 
in the new individuals. 

Power of regeneration is maximum near the head I Rjl I 

and minimum near the posterior end, this is associated • 

with the meubolic rate. The meubolic rate b highest J 

in the head and becomes progressively lower towards 
the Uil. This variation in meubolic rate and regenera- W f / 
lion power is cal led axial gradient (Child). * / 

Regeneration b brought about by the free forma- A 

live cells or neoblasts of the mesenchyme. These cells 
migrate to the cut surface and by repeated divbion n *- 3U7 


Regcaeriiioa. A_Tr»asve,»c, B_Lo 
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produce new tissues. 

Regeneration is always not perfect If a sexually mature Dugesia is cut transversely between its pharynx and copulatory 
apparatus, its reproductive organs degenerate and fail to regenerate, but each half grows into asexual animal. 

Dugesis shows a lateral polarity. If the anterior end is cut longitudinally, each part wUI grow into a complete head. Thus 
several headed monster results. The phenomenon is called hetermorphosis 



FASCIOLA HAPATICA 


Fasciola belongs lo class Trematoda. Most of the trematods living in other animals inhibH the digestive tract or its accessory 
tubes or cavities, and it seems probable that those species living outside gut are derived from gut dwelling fonna. Probably the 
most important of these Dukes, Fasciola hepatica, is the Grsl digenelic fluke to have its life-cyde uncovered. Thomas (1883) 
described its life-cyde. Reinhard (\9ST) redescribed its life-cycle in an interesting way. 


SYSTEMATIC POSITION 


Phylum 

- Platyhelminthes 

Class 

Trematoda 

Order 

- Digenia 

Family 

Fascioliodae 

Genus 

• Fasciola 

Species 

- hepatica 


GEOGRAPHICAL DISTRIBUTION 



World wide distribution occurs in areas where sheep, cattle and goats are raised and there Is a niche for lymnaled snails. In 
U.S.A., organisms found in the Gulf Coast, the North-West, Rocky Mountains, Florida 
etc. In U.S.A., it is endemic. 

HABITS AND HABITAT 

Fasciola hepatica is derived from Greek and Latin words - (L., fasciola = small 
bandage; Gr.. hepar = liver) is a digatetic parasite, i.e., its life history is completed in 
two hosts - a primary vertebrate host and a secondary or intermediate invertebrate host 
Adult F. hepatic a occurs in the liver and bfle passages of the primary host which is usually 
sheep; but, at times, it may occur in some other vertebrates, like goat, bone, dog, ass, ox, 
deer, antelope, rabbit, elephant, monkey, etc. Humans are occasional host for F. hepatica, 
and infections are most often obtained through eating watercress ( Nasturtium officinale ) 
in salad. A single host may harbour as many as about 200 of these flukes in its liver 
which may consequently cease to function normally. This effect is known as liver-rot F. 
hepatica spends a part of its life history in an intermediate host, a freshwater snail which 
is either Limnea truncatula or some specific species of Platorbis. Fossaria, modicella, 

Pseudosuccinea etc. • ’ 

Shape, Size and Colouration. The body is Urge, soft and fleshy) It is dorsoventraUv 
flatenned and leaf-like having somewhat oval appearance. The si^varies from 1 8-5 1 
cm in length and about 0.4-L5cmin breadth near the mid bodyfrte colour of body is 

8 f mtI8i “ « bUckish » <*< to'thTpre^Tof vWl^ne 

^° Ury C “* 1 broWBiih laak3m IMOttrfhgatoJ bUc 


Fig. 32.1 Faxiota hepatica. Exitnul furra. 
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Structure. The anterior end of F. hepatica is triangular while posterior end is tapering. The anterior end terminates into a 
projection, which is called apical or cephalic cone or head lobe. At the apex of the bead lobe is situated a small opening, the 
mouth, which is sunounded by an anterior muscular sucker, called oral or anterior sucker. At a short distance behind the b*ad 
lobe is situated another sauccr-sbapted sucker known as ventral sucker or acetabulum, situated on the ventral side. The ventral* 
sucker is superficial and has no connection with the interior of the body. 

Fasciola hepatica was formerly known as Distomum hepatic tun and the name of the group to which it belongs was known 
as Distomidae. These names were adopted as the mouth and anterior sucker were regarded as two suckers or two mouths (ii, 
two; stoma, mouth). The word stoma was used in trematodes for suckers, which are characteristic structures. But now it is certain 
that the mouth cannot be claimed as a sucker. 

On the dorsal surface there is a single apcrlure in the middle line at about one-third of the length of the animal from the 
anterior end. This apcrlure is the opening of Laurer's canal. This aperture appears during breeding season. 


BODY WALL 

Body wall in Fasciola is characteristic and adapted to parasitic 
mode of life. It lacks a cellular epidermis and consist of the following 
layers:- 

the outermost layer having/! 

_ r .over the general surfacefCu 

of mesenchyme, either of special type of cells called gland cells) 
formed between muscle-fibres or of general mesenchyme. Cuticle is 
definitely non-chitinous and is made up of scleroprotcinsj It is 
situated over the body and protects the liver-fluke from the harmful 
effects of the different types of juices produced in the host Below 
the cuticle is situated a thin transparent layer known as basement 
membrane. \ 


qMnukt 


\. d ^ 


1. Cuticle 
scales which 


\tl It is i 
project 


'stout, rough, blunt 
‘utide is a secretion 
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tnejencbymaJ ctOi 




2. Musculature. Immediately beneath the cuticle arc three 
layers of muscles - the outermost circular layer, the median lo. 
gitudinal layer and the inner digonal layer? In addition lo ihcse F |f.32J v.LS. body wii *<■ aider lighi m\<t***i*. 

muscles others make up the suckers and pBarynx. Still others, the 
parenchymal muscles, are dorsovcnlrally oriented 
along the lateral regions of the body. 


3. Parenchyma or mesenchyma. Immedi¬ 
ately benatb the musculature arc numerous cells, 
known as beta cells or mesenchymal cel If. Some of 
the beta cells p*>sscss cytoplasmic tubules that 
penetrate through the muscular layers and reach the 
cuticle. These specialize beta cells arc thought to 
secrete cuticular materials that reinforce the exist¬ 
ing cuticle. 

Electron microscopic studies by Tlueadfgold 
(1968) have revealed that the so called cuticle of 
Fasciola is actively a thick layer of muliinuclcaled 
protoplasm containing mitochondria, canals of en¬ 
doplasmic reticulum, vacuoles and vesicles. It is 
termed as tegument. It is continuous with tegument 
secreting cells lying embedded in the 
mesenchyme. The outer surface of tegument is 
thrown into numerous folds. These increase the 
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Functions. The body wall of Fasciola is more than an inert protective layer. .1 » a dynamic ot grea! 

in the metabolism ofthe organism) Although the animals derive a great deal of theu nutrients through Uigest.on 
such as certain amino acids, wh/cb are necessary as energy sources and as raw materials or the synUi^s <>'“™P ,e * ££* 
chemicals, are absorbed through the body wall. It is also possible that certain metabolic wastes are discharged through cuticle. 

DIGESTIVE SYSTEM 

4 

The digestive system is complex and highly branched with mouth but no anus. It consists of the following parts: 

Mouth. It is a small opening situated ventrally at the apex of bead lobe and 
surrounded by oral sukcr. 

Oral chamber. Mouth opens into a short but funnel-shaped oral chamber. 

pturyna — 

Pharynx. It leads into a short, rounded, muscular pharynx with thick wall and .ctubulum 
pharyngeal glands. N —- 7 ^ 

Oesophagus. The pharynx communicates with a short-narrow oesophagus 
joining the intestine. I 

Intestine. The intestine immediately bifurcates into two lateral branches. I 

running one on either latcra side of the body upto the posterior end where these end l 

blindly.V large number of caeca or diverticula are given out along either side of \ ^ 

its whole length. The diverticula of the outer side are large and highly branched. \ 

while those of the inner side are short and unbranched. \ ^ 

Food and feeding. The food of Fasciola is bile and blood as it lives in the bile ^ \ 

passage of sheep and cattles) It takes about 0.18-0.2 ml of blood per day. Small ‘ ' 

microscopic debris is also taken as food] The food is taken by the sucking effect of 
the pharynx and is pumped into the intestine^ 

Digestion. The exact manner of food digestion is not well understood ^diges¬ 
tion is supposed to be extracellular, carried in the intestinal ceac^ Proteolytic 
enzymes are reported in the animal /The digested food is diffuses into (be surroundir 
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Fig. 32.6 Fauiolo A fbme cell. 


F'tf 32.5 Fastiolm. Excretory system 

form a common duct(Main cxcrclory canal as well as dorsal and vcntral-laicral excretory canals divide into small capillaries or 
tubules, each of which ends internally into a/7ame cell.J 

2 . Flame cells. The flame cells arc characteristic, each has a thin clastic wall with a nucleus at\d a cavity containing many 
long cilia arising from basal granules or blcpharoplasis)Tbe cilia in a living animal vibrate like the flickering of the flame, hence 
named as flame cells. The cavity of flame cell is continued with the cavity of capillary. TTjc shape of these cells is irregular due 
to pseudopodial processes into the mesenebyma. 


onl sucker 


Physiology of excretion 

The excretory products are carbon dioxide fatty acids and ammonia. 
These are diffused into the flame cells from the surrounding mesenchyme. 
The fluid moves through the tubule by the action of cilia into the excretory 
ducts and finally passes out of the body through the excretory pore^AH 
the ducts except the median longitudinal duct are lined with cUiayThe 
course of the flow of excretory products is as follows: 

Excretory products- mesenchyme - flame cells 

Main longitudinal canal vessels twigs capillaries 

Excretory pore - outside. 

NERVOUS SYSTEM 

f The nervous system is well developed^in spite of the fact that dueto 
sluggish and parasitic habitats such a largfc correlation is not need Tbe 
nervous system includes: 

(a) Central nervous system. Two cerebral ganglia arc prominent 
masses of nervous material joined together by a nerve nng around the 
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oesophagus] From each cerebral ganglion arise three longitudinal nerve cords, dorsal, ventral and lateral. Of these the lateral 
nerves are Much longer than the other. They alone reach the posterior end of body. They are interconnected at intervals by 
transverse commissures. 

(b) Peripheral nervous system. From each cerebral ganglion three nerves arise anteriorly and innervate the head lobe and 
the oral suckers.'^ine nerves arise from nerve cords all along their course and supply the various parts of the body. 

SENSE ORGANS 

Due to parasitic mode of life, special sense organs are absenj It however, possesses tectile organelles or tangoreceptors. 
These arc bulb-like nerve endings.^bese are abundant in the sucker region) 

Hormones in Fasciola 

(Infasciola serotonin is prcsen^4nd it seems to play a role in the tissues comparable to that played by adrenalin in mammalian 
tissue(lt is not known whether serotonin acts as a humoral component of the nervous systemjas it is reported to do in some other 
animals. The tissues of Fasciola contain an acetylcholine-like substance and cholincsterase Jthe specificity of cholinesterase for 
acetylcholine has not been established^* :|il has been suggested that these components are related to activity of nervous systerrp 
/» 

Insulin has been reported to have an effect on the carbohydrate metabolism but the evidences arc lacking/ 


REPRODUCTIVE SYSTEM 

Fasciola hepatica is hermaphrodite or 
dioecious. The gonads arc well developed 
and the male and female genital ducts open 
into a common chamber, the genital 
atriurA It is situated anteriorly in the body 
and opens to the exterior through the com¬ 
mon genital aperture or gonopore, located 
vcntrally in front of the acetabulum. 

1. The Male Reproductive Organs 

The male reproductive organs are: 

(i) A pair of testes 

(ii) A pair of vasa deferentia 

(iii) Seminal veside 

(iv) An ejaculatory duct 

(v) Cimis and cirrus sac. 

(i) Testes. These are greatly ramified 
and tubular structures situated in the mid¬ 
dle part of the body, one behind the other 
(tandem arrangement). 

(ii) Vasa deferentia. A narrow ddicate 
duct, the vas deferens, emerges out from 
each testis and runs forward to meet the 
fellow of opposite side forming the com¬ 
mon sperm duct just below the ventral 
sucker. 
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(iii) Seminal vesicle. The common sperm dud immediately leads into a 
large muscular pear-shaped sac, the seminal vesicle, which lies in front of 
ventral sucker. 

(iv) Ejaculatory duct. The ejaculatory dud arises as a fine convoluted 
tube from the seminal vesicle and runs forward in a zigzag fashion through 
the cirrus to open into the genital dumber through the male genital pore. 

(v) Cirrus and cirrus sac. The cirrus or penis is a muscular cylindrical 
structure traversed internally by the passage of ejaculatory dud. It can be 
everted out and drawn in through the genital pore and thus helps in copulation. 
The cirrus and the seminal vesicle both are enclosed in a bag-like cirrus sac. 

(vi) Prostate glands. Numerous unicellular prostate glands are found 
around the ejaculatory duct 



(B) Female Reproductive Organs 


Fig. 32.9 Fasciola. DcuiUof mile rcprodociivc syilcm. 


The female reproductive organs are: 

(i) Ovary 

(ii) An oviduct 

(iii) Uterus 

(iv) Laurcr’s Canal 

(v) Mchli’s gland 

(vi) Vitelline glands and vitelline ducts 
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Fig. 32 10 Fasciola. T.S. body Uroagb mile reproductive »y*»em. 


(i) Ovary. The ovary is a large, highly branched 
tubular structure which is situated on the right side in 
front of testes in the mesenchyme?. It occupies the anterior one-third of the body. 

(Ii) Ovufucr. From 'be inn.,aide of ov.ry arises . short, narrow .nd convoluted due,. Ike oviducL II no. down wsrd <o join 

the uterus. / 

(iii) Uterus. II is • long wid. .nd highly convoluted lube <hal ««nds up.o 

female gem**' >pcrtu,e. close lo male geniul pore on .he left-side.!. corn.,ns . Urge numbe, of capsules con 

eggs. . 

(iv) Iyer's canal. The L-urers canal arises from the oviduct and acts as a sperm duct It develops a temporary open** 
on the dorsal body surface during breeding season. It may serves as vagina. 

(v) Mehli's gland. At the junction of oviduct vitelline duct and uterus a mass of unicellular ^ 

glands The function of these glands remains unclear. It was tb« this cannot be the case, 

have been proposed lo explain the fiinc'ion ofMebl. sglands. Ho-ofthese 

(a, These glands secre.e a fluid enchances *e hardening or -nntag ^^“’I'/^TmSbrtne^und the cell, 
glands cause release of the shell globules from the "'"'"thm tbifmemta.ne (d) The secretion librica.es the urns MWJM 

jib xr ssssssxsss^tst »■~—• 
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(vi) Vitelline glands and vitelline ducts. The vitelline 
glands or the yolk glands are in the form of numerous minute 
vesicles or follicles arranged on either side of the body from one 
end to the other. A fine duct arises from each vesicle and after 
uniting with similar ducts from other vesicles opens into the 
lateral longitudinal ducts, ifhe two longitudinal ducts are con¬ 
nected in the middle line by a transverse vitellineduct/A median 
duct arises medially from the transverse vitelline duct and joins 
the oviduct 
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The functions of vitelline glands is now know. In addition 
to contributing yolk material for incorporation within the egg. 
the vitelline glands also secrete large globules known is shell 
globules - which envelop the developing egg and eventually 
coalesce and become hardened to form the sbalj/Tbe hardening 
process involves the tanning of protein present within the 
coalesced globules by quinone. Thus vitelline glands contribute Uurer’* canal 
both yolk and shell material. 


utcaa 


ovary 


* 11 * 


Ootype. In some cases the oviduct after receiving Laurcr's 
canal and a common vitelline duct swelles to form ootype. In F. 
hepatica according to Stephenson (1947) the ootype is absent 


LIFE HISTORY 



•perm duet 


Copulation and fertilization. Cross - fertilization takes 
place by insertion of cirrus of one fluke into the Laurcr's canal 
of another fluke^Transference of biflagcllate sperms directly 
into the oviduct is possible. Secretion of prostate glands and as 
mentioned above, the secretion of Mehli's gland keep the 
sperms active for fertilization. Laurer's canal become invisible after copulation. Fertilization takes place in oviduct Self-fer¬ 
tilization is also seen here the sperms enter the uterus of same fluke through female genital pore and pass down to reach oviduct 
where fertilization takes place. 


FIf. 32.11 Fatriota. Dcuiliofoilr and ft mile rrprodacUvc ayaum. 


FertUfced egg gets .bout 3(}lr so yolk - cells end shell globules from vilelline gl.nds by Ihe w.y of vuious vitelline duns 
The tbell is formed with • lid o, optrculum on one .id. 1 , Rowtn (1956.57) demoas wted th.l lh„e is . viscous g.snul.r cushion 
.1 theopercul., end o the egg si.uj.ed .mdftdUttly bench d.e operculum. The zygo.e .nd . m.ss of yolk cells enveloped 
by the shell constitute the capsule. When complete the 


capsule passes into the uterus. 

^Capsule formation occurs throughout the year and 
one fluke may produce about 50,000capsule^ A single 
fluke may produce a total of2,00,000 capsules in about 
11 years. 

^The capsules differ in shape and size in different 
animals. Hence, with the size and shape of capsules the 
parent flukes are recognized^ 

Development. Clevage starts immediately after 
fertilization. The fertilized egg divids into a small 
granular propagative cell and a large ectodermal 
somatic cell. Somatic cell divides and gives rise to the 
body-wall of the larva. Propagative cell later on divides 
into a cell similar to somatic cell, which takes part in 
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Fig. 32.13 Faxida. Sfcow* dimcoaltg oot of goaoporc. 


Ihc development of mesoderm. endoderm, and a cell called 
germ cell afterwards reaches the posterior part of the body 
and forms germ-baU^onsisting of 14 to 20 germ cells. 

^Capsules then escape through the gonopore and are 
liberated into the bile capillaries from where they reach the 
intestine of the host and are passed out with the faeces!) 

( The development remains arrested while the embryos 
remain in the faeces, they may survive in wet faecal matter 
for several months) If washed free, the development of the 
embryo proceeds. The optimum temperature for develop¬ 
ment ranges from 10 - 30°. At 30°C the encapsulated 
embryo differentiates into miracidium larva within eight 
days. The availability of oxygen is also a factor. The fully 
formed miracidium is a more or less conical little animal 
covered with ciliated epithelium. It does not look at all alive 
an adult fluke but does show resemblance to some free- 
living flat worm. 

(Miracidium larva. As the miracidium is formed the 
hatching enzyme is secreted in response to exposure to 
light./The enzyme dissolves the cementing material by 
which the operculum is attached, thus releasing the oper¬ 
culum. Expension of the granular cushion, accompanied by 
exosmosis of salts and other materials from within the egg 
pushes off the operculum. (The batching occurs in water and 
free-swimming miracidium penetrates the intermediate 
host.) 

C:-!Ctnre of liracidium. It is an elongated, about 0.07 
mm lo " feature with a broad anterior end and a narrow 
posterioi *.nd. Anteriorly there is a conical or apical papilla 
or terebratorium. It is cliatcd except in the region of apical 
papilla. However, anterior cilia arc slightly longer. 

The ectoderm is formed by 21 hexagonal plate like 
cells which are arranged in 5 rows. The I row consists of 6 
small plates. The II row contains again 6 plates. Ill row has A 

3 plate cells, 4 plates in IV row and 2 plates in V row. The 
arrangement of the ciliated plates is quite constant and is of Flg 32 .,4 
considerable value in determining phylogenetic relation¬ 
ships. In F./le/wricfl the cells of first row arranged arc two . ,V1«« rmv Die 

I dorsal, two vernal and two lateral in position. The cells of second row are three dors. ' nd, ^ , " vcn '^ ,„ d „« 

cells are one dorsal and two venterolatcral. The fourth row has two right and two left cells and the fifth row has on 

right cells. 

The ectoderm is followed by musculature consisting of outer circular and inner longitudinal m “ df 
is followed by a layer of cells forming the sub-epithelium. The ectoderm, musculature and sub-epithehum forms 

of larva. 

A, the anterior tipof the miracidium is found a mc*i,epical papilla. 
it was supposed to be the gut of larva. 
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The sensory organs of miracidium includes two eye-spots. Eyes 
contain pigments and are situated at the surface of the second row of 
epidermal plate over the brain. The eyes may be primary receptors 
involved in the process of hatching. When kept in dark few miracidia 
hatch, but illumination rapidly induces hatching. The brain of the 
miracidium is a large cephalic ganglion lying in the parenchyma behind , 

the apical region. It is X-shaped. From this nerve centre, fibres are If 

oriented in all directions to innervate the various body tissue. /V 

There is a pair of flame-cells or protonephridia, which are excretory If A 
organs and their ducts open to the outside between IV and V rows of // 1' 
epidermal plate cells. L ft 

During the differentiation of the miracidium within the egg shall, 
certain germinal cells become trapped in the parenchyma. These develop \ 

into germ balls by increasing in number and size and becoming en- V « 

veloped, eventually giving rise to the next larval generation. Such germ \W 

balls are usually located in the posterior region of the body. * 

\\ 

Miracidium swims about in water or moisture film, where cattle V 

usually pass out their faeces. It dies in 30 hours unless it is able to reach 
intermediate host, which is always an amphibious snail of the genus 
Limnaea. Intermediate host in case of Fasciola indica is Limnea 
acuminaiisaia while in the case of Fasciola hepaiica intermediate host in Fig. 32.1S 

Limnea iruncatula. When larva 
enters the tissue of the intermediate . n .. 

host with the help of apical papilla, 
it reaches soft parts, such as mantle, i 

pulmonary sac and hepato-panaeas. r '' ' jA 

Penetration into the intermediate 
host is helped by the secretion of the |7 

penetrant glands or other glands. On 11 

reaching the intermediate host, 'W r 

ciliated epidermal cells are cast off, ® 

wbile eyes and brain are Iosl Larva m 

swells up and changes in shape and 1 ^ 

size, so as to become a sac-like stnic- snb jg 

ture, called sporocyst. Germ-balls of /m /^ 

miracidium do not disintegrate. ® 

Sporocyst. The sporocyst is an mwKl ' Uy " 
elongated, hollow, sac-like larva^Its 
body wall consists of non-cdlular 
cutile followed by musculature and 
sub-epithelium. The brood chamber 
is hollow space in the centre of the 
sporocyst within which are found the 
germ balls that eventually give rise 
to the next generalion^porocyst cot 
present opening laterally by pores^ 


operculum 


vitcout cushion 


Fatciolo. Miracldlom Jail before buck log. 
apkalpapttla 


bo«Jyc«v"y 


luctive systems. The protonephridia are 


The sporocyst moves about by muscular contractions in the host tissues . . 

a considerable damage! Its germ balls develop into the next larval forms n ° w Unshmen! bom “““"J «^mgth< 

of the gen™., cells L .g,in sc, .side wit Z Ote 


■& nvyiuuiiiHu uoio uicraana causu 

Each sporocyst produces 5-§ rediat 
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Redia larva. The rediae emerge from ihe sporocyst by the rupture of 
body ball of sporocyst. Each radia is an elongated and cylindrical form) 
measuring 1.3-1.6 mm in length. It has a circular ridge, called collar near the 
anterior end and a pair of projections termed lappets near the posterior end. 

The body-wall consists of the usual cutile. musculature and subepithclium. 
Unlike the sporocyst. the redia possess a mouth located at the anterior 
terminal of the elongated body. The mouth leads into a muscular pharynx, 
which in term leads a blind-sac, the guL Numerous unicellular pharyngeal 
glands open into the pharynx. 

Protonephridia divide further and form a much branched system. All the 
flame cells of one side open out through a common excretory duel A birth 
pore is present, lateral to and in proximity of the mouth. Within the brood 
chamber are found germ balls. 

^Rcdia is a very active little creature. It moves about by the contractions 
of the body and lappets. It nourishes itself by sucking fluid and cells'of the 
host tissues with its muscular pbarynx.)lt soon migrates into the digestive 
glands of the snail. During summer months when the food is sufficiently 
available, mother rediae mature in 12-18 days, the germ balls give rise to a 
second generation of daughter rediae^ Germ balls of daughter rediae in the 
winter develop into next larval stage, the cercari^. 

Cercaria larva. Cercariae leave escape the mother or rediae through their birth 
porcs.^rom each redia 14-20 cercariae arc produced. Cercaria is about 0.25-0.35 
mm long and is an oval larva with a tail. \bc body wall consists of cutile. 
musculature and subepitbelium^On the anterior side, there isa mouth with a sucker, 
a suctorial pharynx, long oesophagus and a bifid intestine. A ventral sucker or 
acetabulum is present on the ventral side. A large number of dark, brown cells, 
called cystogenoiis glands arc found beneath the cuticle. (There isa pair of excretory 
duels, each with several flame cells^Thcsc open near the hind end of the larva into 
a bladder that leads out through a pair of nephridiopores. A nervous system similar 
to that of adult has also appeared. Rudiments of reproductive organs develop from 
the germ cells near the bind-end. 

From the digestive glands of the snail, the cercariae pass into the pulmonary 
sac and then escape iryo the surrounding water. swims about 5 minutes 

to an hour in summer. Afterwards, it settles down on some green leaves of water 
plants./Tai! is cast off and the body becomes rounded and forms around itself a 
thick orownisb cyst wall from the cyslogcnous glands. £bc encysted cercaria is 
now called metaccrcaria^ 
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Fig. 32.18 Foxiota. Redia. 


Factors affecting development In Snail 

The rate of development in the snail host is a function of the environmental temperature. Kendell reported • 
of temperature on the development of Fasciola . In snads maintained at laboratory temperature daughter redtac were 
produced, the first generation of rediae giving rise to cercariae. On the other band snails exposed daily o pc 
temperature i.e. 4-5°C. daughter rediae were produced from rediae. 

The suite of snail nutrition also affects development. The effect of food availability on development in the snail host is 
probably the explanation for the observation that fewer larvae develop in small snails than m large ones. 

Metacercaria. It is a juvenile fluke having a rounded form Xilh a d,am ^ cr ° f a ^' 
differs from later in the absence of tail, cystogenous glands M presence Of thick cyst waiy Ex ry p* 
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through a single pore. 

tie melacercaria, encysted on vegetation, may live for as long as a year 
at low temperature^ or for as short lime as two or three weeks at 25*C. 

Inspection to final host 

The final exeystment in the host requires an elevated temperature i.e. 38*C, 
low redox potential, a high carbon dioxide tension, and the presence of bile.^ 

The factors necessary for the exeystment of Fasciola matacercariae seem to 
serve as stimuli to activate the worms, but the mechanism is not clearly 
understood (When me lace rcaria“r caches the intestine of host, the cyst is digested 
and young fiuke'is liberated./Tbe young worm penetrate the wall'of gut and 
passes into the peritoneal cavity. In the body cavity the young worms seem to 
move about rather aimlessly until they encounter the capsule of livei^On 
contact with the liver, the flukes burrow into it. devouring liver parenchym»as t 
they move. It grows in size within 5-6 weeks and finally settles in the bile ducL 
It attains sexual maturity and begins to lay eggs 11-13 weeks after ingestion by 
the mammalian host * 

) Fig. 32.19 
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The life-history of Fasciola hepatica is much complicated due to the occurrence 
of several larval forms in a series. Formarly, it was held that the rediae and cercariae 
develop by parthenogenesis from the propagatory or genn cells, which were believed 
to be the eggs ( Grobben , 1882). This kind of asexual parthcnogenetic reproduction by 
larval forms is known as heterogamy. This view was widely accepted for sometime 
and under its way, three terms were coined. These arc panhenitae for sporocyst and 
rediae larvae, adolescariae for ctrcaria larvae, and maritae for adult flukes. This view, 
however, is now considered erroneous and has been given. 

It has been found that the germ cells represent in the larval forms are not eggs. 

Instead they are diploid cells derived by the mitotic divisions of propagatory cell which 

is separated from the sygote at its first cleavage. Thus it can be said that they are parts Fig. 32 20 Fa*iolo. Meucoc.rfa. 
of zygote. It, thus, follows that one zygote produces several larvae. Thus, this process 

ln T?T U *" d "S* b “" ,00kcd “P 0 " •‘poftv-fcw by Ishii (1934). Ch.nl 1937). K..s (1940) .nd 

' Zy80,e "* ,K ” ,0 ™' d ' imUll, "' OUll > *• ^ P— should 

m a. 

involving asexual multiplication in the larval stages. > bC ,CW U " 1 h * a con,,nuous ontogeny 

Pathogenesis 

Pathogenesis as a direct result of the flukes’ activities may be either chronic or acute Ar,.„ i • 
during the preadult migration of the flukes in the parenchyma of the liver and sometime o.h ' SC ol * 5U ® r llv * r rot Occurs 
most striking changes in acute fasciolosis arc seen in the liver, where there are harmnr,h f ° f ib ° Ul 8 weck *) Th< 

and in some instances, may become so swollen that the capsule ruDturcsrThr h " h>8 ' c flukcs * Thc ,,ver becomes swollen 
and cause anaemia, diarrhoea, eosinopliilia etci F \ ,DC W 1 ®*"** produced by worms are very toxic 


Chronic fascioliasis occurs beyond 12 weeks, when the flukes hav rt, a 
Although milk and wool production looses are the usual results of cbronic'infect'o ^d ^ d | UCU ma,Urin8 scxual, y < 

The liver performs a vast array of essential functions in vertebrate 

, and it is axiomatic that liver damage will have a variety 
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of detrimental effects. The adult fluke causes 
anemia, haemorrhage and suppression in produc¬ 
tion of new red blood corpuscles. The result of 
liver damage is failure to gain weight iniyoung 
animals, weight losses in older animals^reduced 
milk production and lowered fleece heights in 
sbeep.rThe osmotic pressure of the blood is 
lowered and fluid is retained in the tissue spaces.' 

Treatment. Carbon tetrachloride has been 
used in sheep at 500 mg/Vg) Hexachlorelhane was 
developed especially for use in catUes.^tber drugs 
used are emetine hydrochloride, filcin, 
tctracbloroetbane, elp. 

f Control Control of liver flukes is effected in 
three major ways: 

1 . Snail control. 

2. Treatment of infected sheeps. 


3. Herd management through predicting out 
breaks of discasd 

Parasitic adaptions In Fasciola 

^ The main changes that occur in the structure 
and life-cycle of a parasite, with the help of which 
it is capable of leading a parasitic life successfully, 
are called the parasilic adaptations. Since Fas¬ 
ciola is an endoparasite in the liver of sheep, it has 
undergone similar modifications under the stress 
of the parasitic mode of life which can be studied 
under two heads: 


I. Structural modifications. 


II. Modifications in the life-bistory. 
I. Structural modifications 



These modifications ire of iwo types. F * 3UI *“*****!*•. 


(A) Morphological 

(B) Anatomical 

(A) Morphological modifications 

, bo,,. „dorsoventrally ila.enned Wfe and is needy tn.ngul.rdue .owhicb ft.i+V -'‘ 

2. Adhesive organs o, sucked .re present... ora, .nd . .aura, « acerabu, unt These .re muscular .nd be.p in .ruchir* 
the tissue of host 

3 . External features simple and is not divisible into bead, bunk and uU. Appendages are also absent 
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(B) Anatomical modifications 

1. Body is devoid of cellular epidermis, thick cuticle is present to prevent the animal from the effect of chemicals from host 
body. Cilia absent in adult. Cuticle is provided with spinules for attachment. 

Z The thickening of cuticle in the oral and ventral regions leads to the formation of two suckers. 

3. The locomotary organs are lacking except in free living larval stages as adult Fasciola is an endoparasilic and it need not 
make excursions for food and safety. 

4. The digestive system is incomplete. The mouth is anterior and terminal and surrounded by oral sucker. The pharynx is also 
muscular and sectorial. Both are adapted to suck the nutrient 

5. Intestine is highly branched so that digested food can be distributed to different parts of body. Anus is absenL 

6 . Circulatory and respiratory systems are absent Anaerobic respiration takes place. 

7. Excretory system is well developed. It consists of extremely branched excretory canals which terminate into flame cells. 

8 . Nervous system is poorly developed. Sense organs are absent 

9. Reproductive organs are extensively developed. The highly branched ovary and tests are capable of producing large number 
of gametes. Bisexuality offers full changes of fertilization. 

II. Modifications In life-history 

1. The production of eggs in a very large number, about 10 million, due to which the threat of survival of parasite is removed. 

Z Eggs are shelled and each is provided with an operculum. 

3. A secondary host is present for the dispersal of species. 

4. Multiplccation takes place by pacdogenesis during larval stage. 

5. Miracidia are free swimming larval stages because they have to search new hosts. The ccrcariae are encysted when out of 
the body of secondary host which ensures protection horn external effects. 
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Taenia solium belongs to dsss Cestods. The members of thb dais we commonly known as ‘Tapeworms’. All are 
endoparasites in the alimentary canal and associated ducts of various vertebrate hosts. During their life cycles one or two or more 
intermediate hosts, vertebrate and invertebrate, art required in which the tapeworms undergo a phase of development The 
cestodes differ, however, from the members of other two dasses (Turbdlaria and Trematoda) in the complete absence of a 
digestive tract 

The present text mainly related to Taenia solium, the pork-tapeworm of man. 


SYSTEMATIC POSITION 


Phylum 

- Platyhelminthes 

Class 

• Ceatoda 

Subclass 

- Eucestoda 

Order 

Cyclopby Hides 

Genus 

- Taenia 

Species 

- solium 


HABITS AND HABITAT 

Taena solium or pork tapeworm) is commonly found in those parts of the world where pork is eaten as food without properly 
cooking lit is found as an endoparMite in the gut of vertebrate bosts^One host b man and another is pig) Formerly, it wai| very 
common intestinal parasite in Europeans, especially in some places of Europe. It is rare in many parts 6f the world viz-, In a 
Philippines, North America. It is not at all found in Jewish and Mohammedan countries as in those countries eating of the D«b 
of pig is considered as an evil deed. 

EXTERNAL MORPHOLOGY 

f Shape, size and colour. The body b elongate and Oatenned dorsoventrally like a ribbon or tape. The body b narrow anteriorly 
and gradually broadenslaterally towards posterior endj 

f The size of adult worm varies from 3-5 metre^but a few are recorded to attain a length of about 8 metres. 

/Vhe body is usually opaque white in colour but creamish, yeUowbb or greybb colouration b also common; 

Division of body 

The body of Taenia can be divided into three regions: 

l.Scolex 

2 . Neck 


3. Strobila 
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1 . Scolex. The scolex is ihc holdfast organ, which b 
generally considered the anterior end.) There are two 
schools of thought concerning the interpretation of the 
structure of tapewormsfSomc consider a single scolex 
and connected progloltids to be a single animal. Others 
consider each proglottid to be an individual • hence, a 
single tapeworm is a colony of many individuals) Some 
hclmintbologbts argue that the scolical end of Ibectstode 
is actually the posterior end. However, //ymun( 1951) and 
Chang (1964) are not convinced with the argue that 
scolex is the posterior end. Furthermore, the more recent 
literature indicates the scoloca! end should be considered 
the anterior end. 


colex is a pear-shaped structure, but b four-sided at 
scsses a small terminal cone 


the posterior part It 

called the roseiellum.J Around the base of the terminal 
cone or rostellum isa double row of curved, pointed, 
cbitinous books, which are usually 28 in number but are 
sometimes between 22 to 32. Hooks are of two types, long 
and small. They arc arranged alternately. Long books are 
approximately of 180 p and short ones are of 130 p in 
dimension. . 

(Each book consists of a base or guard by which it b 
fixed, a blunt projection or handle directed towards the 
apex and a conical outwardly directed blade. Rostellum 
is capable of slight protrusion and relractior)! During 
protrusion books are directed forwards but when rostel¬ 
lum is retracted, books are directed backwards. 


The mouth b absent in scolex. The term •’head*’ 
frequently used for the scolex is, thus, inappropriate) 
because the bead Is essentially that part of the body wh txl 
organs for perceiving and catching food are aggregated. 
It measures about 0.6-1 mm in diameter. 

2 . Neck. It is situated immediately posterior to the 
scolex. This is an unsegmented, poorly differentiated area 
that b generally narrower than the scoleriand the strobila 
of proliferation that gives rise to immature progloltids. 


Flf-13.2 


uproglotsisaum. Since thi proglottid. .re budded olt from ibe n«* region In ,nor*rt v !^.? U f "»«■ 

.re low.rds the neck <nd the oldest proglottid. .re pouerlor meet) ^ ^ rty ,uc «« lo °{Uie younger! proglottid. 

■/Depending upon the development of geniul org.tu, the proglottid, ue dbtinguhhcd Into three type.:- 

(I) Immature progloltids. The* .re young undifTerentl.ted proglottid, next to the neck n, __ 

either absent or in stages of development Their width b more than the length. They wn^^a^oT200 C an^torpro^ottJds* ,t 

reproductive o^ans^Th^y ^"SHF consistin « of • ra>Ic • female set of 
progloltids. Taenia b protandrous, about 100 or ISO anterior . “* ddlc of ^ Tbey comprise about 4S0 

mature progloltids contain 'o^ly male reproductive organs and 
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remaining 300-350 contain both, male and female reproductive organs. 

A mature proglonid is a complete reproductive unit in its own right and may underago self or cross fertilization. 

(iii) Gravid or ripe proglottid. These are found in the posterior part of the body. These are characterised by the possession 
of a large, highly branched uterus filled with developing embryos. The rest of the genital organs have already disappeared from 
them after performing their function. They are longer than broad. The posterior most proglottids are cut off from the body and 
are expelled out of host body along with its faeces. This process of separation of proglottids is known as apolysis. 

BODY WALL 


The body wall of cestodcs is made up of several layers but lacks a cellular epidermis. It consists of (i) cuticle (ii) Basement 


membrane and (iii) Musculature. 

(i) Cuticle. The outer most layer of the 
body surface is called the cuticle or tegument 
This layer is more or less transparent, nonccl- 
lular, and without visible pores. The cuticle 
consists of two layers, (a) outermost hair-like 
or fringe-like comidial layer and (b) a thick 
homogenous layer^Tbe cuticle is secreted by 
modified mescncbymel cells. These cells lie 
beneath the musculature and have long 
processes extanding up to the cuticle.^ 

When studied under electron micro¬ 
scope, minute projections known as 
microtr 'iches are present on the cuticular sur¬ 
face. Rothman(1963) suggested that the distal 
portion of each microthrix. which is solid, is 
concerned with two functions (a) it may serve 
as a means of resisting the intestinal current, 
since the body surface always in contact with 
the microvilli of the straited border of the cell 
lining of small intestine of host (b) it may 
serve to agitate the microhabitat in the vicinity 
as the worm moves, thus stirring up the intes¬ 
tinal fluids so that nutrient materials as well as 
waste products are always in a state of flux. 
The proximal position of microthrix is medul- 
lated and could very well serve as sites of 
absorption. In addition to microtricbes, 
ultramicroscopic pore canals that communi¬ 
cate with the parenchyma are present in 
cutide. These may be the sites of absorption 
also. Mitochondria and endoplasmic canals 
are also reported in the cutide. Thus, it is 
apparent that this outer body layer is a 
dynamic structure rather than a mere cover¬ 
ing. 
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(HI) Musculature. Immcdrerely KK.tb the UumM m C mbanc Is a l.yer of circular muscle, follow* by longitudinal 
muscles and vertical or dorsoveniral museles. 

Mesenchyma or parenchyma 

The space enclosed by the body w,U. except to the occupied by the reproduce 
fibres ind iren/out tissue, is filled with i spoagy type of tissue, tte pnrencbymi. Ccftnln syitcyllally ..rin ged cells fo rm * ****|^ 
In living animals, the space between the cells are filial with fluid. Numerous rounded calanous bod.es composed of concentric 
layers of calcium carbonate are present in mesenchyma secreted by lime cells. 

Except at the two sides in each segment the parenchyma is divided into (i) outer conical part and (li) inner meduallary part 
by circular muscle fibres of the mesenctymal musculature. 

The parenchymal cells, and to some extent the spaces, serve as sites for the storage of glycogen. 

Nutrition 

In Taenia there is no alimentary canal and as it lives in the intestine of host, there is totally absence of alimentary canal in 
all the stages of its life-cycle. 


I U1C Vi iu mv-vywv. 

(jts chief source of nourishment is obtained from the intestine of host These are amino acids, glucose, glycerol et cj 


Chandler thought that tape-worm gels its sugar supply from digeated food- 
material of a host but proteins and vitamins are made available to the animal from 
the living tissue of the host by the secretion of the digestive enzymes, which effect 
the cells. 


RESPIRATORY SYSTEM 


(fl 


in Taenia, the respiratory organs are absent so that respiration takes place 
through general body surface. Like other endoparasites, Taenia lives In the 
intestine of man where the oxygen content is very low or absent So mode of 
respiration is anacrobi^in which the energy is obtained by the break-down of 
glycogen into fatty ad« and carbon dioxide. The carbon dioxide diffused out in 
surrounding medium. If oxygen is available, it respires aerobicaly. 

EXCRETORY SYSTEM 

Excretory system, also known as osmoregulatory system, is same as the 
protonephric type found in tremetodes. 

I Four main collecting canals traverse the entire length of the atrobill. The two 
ventral canals are ventrolaterally located, and the two dorsal canals are dbrsolateral. 
C\ll these canals are situated in the penpbarynageal zone of the meduallary 
parenchymal A single transverse canal connects the two ventral canals at the 
posterior end of each proglottid. The ventral vessel carry the water away from the 
scolex, the dorsal vessels toward 1L Within the sedex, the four longitudinal canals 
may be joined by a network of canals forming nephrdialplexus. 

Along the length of ventral canals, a series of secondary tubules arise that may 
give rise to tertiary tubules. At l^»e free end of terminal tubules are flame cells) Tie 
flame cells are generally arranged in a group of four. A flame cell is of irrt K ular 
shape, with granular cytoplasm and nudeus. The •flame’ b actually a group of cilia 
that arise from a concave basal plate located near the cell nudeus. The oli. ut 
enveloped in the ftmnel-shapted enlargement of the free end of the tubuldWastr 
products collected through the flame celb are passed down the tubules into the main 
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canals.' 

|ln Ihe young worm, there is an excretory vesicle in the posterior most proglottid, into 
which the ventral canals open.)However, as the neck region produces more proglottids, 
the older proglottids are pushed further back, and eventually the proglottid containing 
excretory vesicle is detached by the process of apolisisrThus. in most older animal the 
posterior end of the tubes open independently to the exterior) 

, NERVOUS SYSTEM 

A thick band in the scolex with two ganglia constitute the brain or central nervous 
system) From the brain few nerves are given out anteriorly which innervate the scolex. 
Three pairs of longer nerves are given out towards the posterior region. Out of these only 
one pair, the lateral nerve, cords extend through the strobila passing just outside the 
excretory canal in each proglottid. 



commit re 


pntfioo 


lateral nave cord 


( Sense organs are neither present nor they are necessary)Free nerve-endings are found 
in the body wall and detached progjotlids for some time show independent muscular movement 


Fig. 33.7 Taenia solium. Nervous system. 



REPRODUCTIVE SYSTEM 

^ Taemia is a hermaphrodite )Reproductive 
organs are usually found in the proglottids after 
200lb partitions. Some anterior proglottids are 
functionally male. Middle proglottids are both 
male as well as female. Proglottids at the 
posterior end are filled with enlarged uterus. 

Structure of the proglottids in the middle 
region is as follows:- 

(i. The male reproductive system consist 
of the following organs: 

1. Testes 

2. Efferent ducts 

3. Vas deferens 

4. Cirrus or penis 

5. Cirrus sac. 

1 . Testes. They are numerous small, 
rounded bodies situated in the medually part of 
the parenchyma)There number is about 15-200 
and are distributed throughout dose to the dor¬ 
sal surface of the proglottid. Some workers are 
of the opinion that the numerous rounded fol- 
lide In fact, constitute a single and highly 
sub-divided testislHowever, the number of tesi 

2. Efferent ducts. From each testis arises a 
form a vas deferens. 


median oviduct 

■heUgUnd 
vifcHne duct 

vifeiioe gland 
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3. Vas deferens. I. is . longlubo,.fusingfrom Uk fn.d-p.fiof .he p.oglonid^f runs jnnsvewly’ <o ibe left o. 

inlo cim>s.(ln some eestodes the v.s detefens enlaiges lo fofm the seminal vesicle fof the stotage of sperms; But Taenia 
such enlargement is seen. 

4. Cirrus or penis.fax distal end of vas deferens in modified into a protrusiblc cirrus. The cirrus is armed with bristles, 
hooks or spinel. It is eversible through male genital pore into a cup like genual atrium of the genital pap.lla. 

5. Cirrus sac. Cimis is surrounded by a kind of muscular sac known as cirrus sac. Its function is lo erect penis during 
copulation. 

II. The female reproductive system comprises: oraiUr mu*** uterus 

l. Ovary 


2. Oviduct 

3. Ootype 

4. Uterus 

5. Vagina 

6. Vitelline gland 

7. Mehli’s gland 

\/Ovary. A single bilobed ovaryjies ventrally 
tc 
ovary 





tonpiudmal excretory« 


Fif. 35.9 Tamioiohym Diignomiik TS. of » miiurc proglottid. 


in the posterior part of the proglottid! Each lobe of 
ovary is doizoventrally Oatenned and consists of a 

number of radially-arranged foil ideate right and left lobes are connected medially by a transverse bridge, the ovarian isthmuf. 

2. Oviduct. The oviduct arises from the middle of the bridge. It b a short but wide and joins the ootype distally. 

3. Ootype. It b a small rounded chamber developed at the junction of oviduct with the vitelline duct. It b surrounded by 
numerous unicellular Mchli’s glandj, the cells of which form an amorphous complex. 

4. Uterus. A blind sac-like or tube-like uterus arises from the ootype and runs forward in the segmenljln gravid proglottlds 
the uterus enlarges and gets branched to occupy the whole of the proglotti {. It remains filled with the fertilized ova or developing 
embryos^ 

5. Vagina. The narrow tubular vagina arises from the receptaculum seminb and runs obliquely outwards to open into the 
genital chamber by female reproductive opening^ 

The seminal receptacle or receptaculum seminb b a small wide tube connected on one hand with the ootype by a narrow 
spermatic duct and on the other with vagina. 


A 

ine 


6. Vitelline gland The vitelline gland b a compact, elliptical mass of numerous follicles situated posterior to the ovarieO 
single short median duct, median vitelline duct arise from the gland and opens inlo the ootype. frhe secretion of the viteliii 
duct b rich in yolk and forms a covering of yolk and shall around the fertilized egg^ 

f , 7 ' Mehlis glands, These * re numerous minute unicellular glands situated around the ootype and emptying into it. The function 
of the secretion of Mebli s gland is to ease the passage of shelled eggs into the uterus. 

LIFECYCLE • 

■ha b> f intt0d r?*« in'ott* vagina of the name proglo.Ud and spoons a,e s.o,ed in 

** ,tC ' PUa "“ m Semum ' wbrt UKr °" fUSt W,,h - Taenia seK-fcil^tTon ukes pl.^. Some.imcs. the 
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anterior mature proglottids. devoid of female genitalia, can enter into 
copulation only with the posterior mature proglottids with fully developed 
female genital organg Fertilization, following copulation between two 
different proglottids. is sometimes termed cross-fertilizaiionfro distin¬ 
guish it from that occurring between gametes of the same® roglotlid 
(self-fertilization). 

^Thus the eggs arc fertilized in the oviduct and get surrounded with 
yolk and cgg-sball in the ootyp^/. These materials are provided by vitelline 
gland. The capsulatcd eggs enter the uterus and are collected tbere^be 
uterus enlarges in size, gets branched and occupies the whole space. The 
eggs are small measuring 40 p (micron) in diamete/ 

Cleavage. The zygote or egg cell undergoes deavage when the 
capsule is in the uterus. The first unequal division results in a larger 
megamere and a smaller embryonic cell. The megamere divides further 
and fronts several similar megamercs. while the embyoonic cell divides 
repeatedly producing two types of embryonic cells, larger mesomeres and 
smaller micromeres. Thus, three types of cells result from the zygote; 
small micromeres, medium mesomeres and large megamercs. 

Onchosphert. By repeated division of 
micromeres a solid ball of cells, the morula is 
formed. The megamercs divide, redivide and be¬ 
come filled up with yolk from the yolk cells, which 
surrounded the embryonic cells just like an en¬ 
velop^ !t provides nourishment to the embryonic 
cells and finally disentigrates.(Tbc mesomeres 
form the inner thick striated membrane known as 
embryophore. jBoicatb embryopborc lies base¬ 
ment membrane, The morula, develops three pairs 
of chitinous booksTTbese hooks are secreted by the 
differentiated cells known as onchoblasts. Now the 
six-booked embryo is called hexacamh. It posses¬ 
ses a pair of large penetration glands and is sur¬ 
rounded by two membranes, the bexacantb 
membranes.(The hcxacanth, together with all the 
membranes surrounding it is known as oncho- 
sphere. The oncbosphcrc loses the sbell^ 
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Fig. 33.10 Jocnia solium. A gravid proglottid. 
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These stages of development are found in the 
proglottids at the extreme posterior end of the Fig. 33.11 
body. The terminal proglottids arc liberated from 
the body 4 or 5 at a time and arc passed out quietly .rtive for a 

with the faeces of man. The proglottids show slow movements of contraction and later on perish. Embryos icm 
considerable time. They are capable of further development only if they are taken in by a secondary host, wbico »s pig. 

Infection to secondary hos4. The pig is the secondary host which regularly feeds of the faeces of man. Dogs, monkt, •««* 
sheeps arc also known to get infectio^. 

(inside the alimentary canal of a pig. proglottids and thousands of 
hexacanths arc set frcc.fLater on. hcxacanths bore tbeir way with the help of hooks 4nd penetration gJa g 

the intestine and reach intestinal blood vcsscls.^be process requires only 10 minutes. 

Migration. Travelling through the bean, these enter the muscles of various parts in the body. The usual site wbert the 
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hexacanths get encysted are the voluntary muscles 


of tongue, heart, liver and shouldej? 


On the muscles, bexacanths lose their hooks, 
grow in size and develop a fluid-filled cavitv in 
them. They now encyst in a cuticular covering.([he 
encysted larvae are called cysiicerci or the bladder 
worms. Jlhcy are oval somewhat whitish in colour 
and measuring 6 mm x 10 mm. Their wall consists 
of cuticle and mesenchyme layer. The fluid within 
them is mainly the blood plasma of the host. 


The side of the bladder opposite to the 
originally occupied by the hooks thickness and 
invaginates into the cavity. 

The invagination, which looks like a hollow 
knob, differentiates into an inverted scolcx or the 
proscolex. possessing suckers, hooks and rostel- 
lum. The embryo, at this stage, is called bladder- 
worm. In T. solium the bladderworm is of 
cysiicercus type which is characterised by a large 
vesicle and one scolex. That is why the bladder- 
worm is also referred to as cycticercus. It appears 
to have a wall of cellulose and is, for this reason, 
sometimes called cysiicercus cellulosae. Forma¬ 
tion of cysiicerci is completed in about 10 weeks 
in the pig. The cysiicercus with proscolex is infec¬ 
tive and waits for its ingestion by man. 

(The cysiicerci remain alive and infective in 
muscles for 5-6 years before they die, and are than 
calcified by the host) There may be 500-3000 
cysiicerci in one kilogram of infective pork (pig’s 
flesh), /the infected pork has brownish spots and 
is called the measly pork. ) 



bladder . invajjnation evicted hooka 



E 


F ‘* 33 ,2 I""? ; A-Hca.ccU. B-BUAk, worm will 

•giMlloo. •bk pwole*. D—Btiddcr 

won. with cvagjaaied acot«, B-CytiktKt. 


Infection to prirnnry host. If the bladderworm or cysiicercus is eaten with the pork by man, the bladder is digested and the 
young scolcx attaches itself to the wall of intestine by hooks and suckers. A region of proliferation of neck is formed, which 
develops progioltids of the adult tapeworm. While anchoring itself to the wall of small intestine in matures in two or three months. 

Pathogenesis 


Both aduts as well as cysiicercus stages are harmful: 


\. Adult worms. The scolex of adult worm remains embedded in ihr . , , 

t* “ -r - trtr 


Tr~: r mn “' “““ n “ 1 " c ^ hc “ « ^Ti?srp ra „-5T,. dul , 


are collectively known 


as Taenia sis.J 

2. Cysiicercus larvae. Sometimes, man may accidentally ingest cses or nmolmridc , u i.h . , . . f „ 

may result from cycticercosis in humans) Although they ma l con,Jmm>,cd ^«x%nous effects 

striated muscles, liver, eye and the cental nervous system where they oft * w“* C0mm0n,y ,oc * ,ed ! n 
(Marquez-Momer, 1971). In an aberrant from of T. solium. apparenuJ ZS onU inth" ***?*** *“ Ven!rides °. f brain 
has daughter cysUcerci budding from the bladder wall and • y ... CCI,lr * , ncrvous s y s,em - * c > sUcexcus 

forming an invasive, proliferating parasite. This type of metacestode 
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is referred .o as a racemosecysticercus. No viable scolices have been found in recemose cysUcerci (J Beaver and Rolan, 1981). 

^ CyS,iC ' rC ' USUal,y dicil,inlc ' n ^ amma, ory responsefTbey damage ibe host by forming space - occupying Icison^ 
•hat is their growth puts pressure on the adjacent tissue and interfere with its function or causes necrosis due to reduced No<xi 
c irculatton. In the brain ventricle the organisms cause hydrocephalus because the cerebrospinal fluid cannot be properly severe 


Treatment 

Niclosamide is the dr g of choice for intestinal infections, it is highly effective and well tolerated. Carbon tetrachloride and 
oleoresin are also used v. an anthelmintic. For removal of tapeworms, doses of 0.4 gm each of alabrin and acranil or 1 gm of 
hexylrcsorctnol with 2 g n of acacia may be given/Cysticercosis is best treated in human by surginal removal of cysts, when 
possible. If surgery is no possible mcmcridazol caitbe administered.] 

Epidemiology and control 

Intestinal infections in humans are acquired by eating inadequately cooked pork. Pigs are infected by eating gravid proglottids 
passed with human faeces. Since a single proglottid may have hundreds of eggs, a pig may obtain a heavy infection throughout 
its body by eating only a few proglottids. 

Following are the principal means of control: 


Adequate cooking of food. 

2. Freezing pork after slaughter and before it is marketed. 

Sanitary disposal of human waste. 

^-4T^Meat inspection. 

S^Prompt treatment of person found to be infected. 

6. An educational program aimed at changing habits of personal hygiene so that person do not reinfect themselves or others 
they have contact with. 


PARASITIC ADAPTATION IN TAENIA 

Taenia is an endoparasite in Ibe intestine of vertebrate hosts. It has undergone a number of structural modifications to adjust 
in its specific environment. The modifications due to parasitic mode of life can be discussed under following headings: 

I. Structural 

II. Physiological 

III. Modifications in Life-cycle. 

I. Structural modifications can be divided into: 

(A) Change in external form 

(B) Change in internal form 
(A) Change in external form 

1. Body is dorso-vcntrally flatenned and ribbon like. 

2. Neck possess the power of forming new proglottids. 

3. Scolex or the anterior end is modified into a hold fast for attachment for this purposes scolex bears suckers and spines. 
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(B) Change in internal organs 

1. Body wall in devoid of cellular epidermis and remains invested by a thick and resistant cuticle. 

2. Alimentary canal is absent because the animal lives in intestine where digested food materials always available. 

3. Excretory system consists of protonephridia which helps in osmoregulation. 

4. Respiration anaerobically. 

3. Sense organs are absent except tangoreccptors. 

6. Highly developed reproductive system. 

IL Physiological adaptations 

1. It can resist host’s digestive enzymes through some unknown mechanism, probably by the secretion of anti-enzymes. 

2. It maintains an equilibrium with the osmotic pressure of host. 

3. It stimulates the mucous membrane of the intestine of host to secrete a large amount of mucous that cover for further 
protection against host’s digestive enzymes. 

4. Power of anaerobic respiration enables it to live in the oxygen-free intestinal contents. 

5. Long flatenned body provides large surface area for absorption of digested food of the host that is why the mouth and 
alimentary canal arc absent 

ID. Modifications In Life-cycle 

1. To cover the risk of finding individuals of different sexes in one host the organism is bisexual and moreover, each segment 

is bisexual and self-fertilization occurs. ° 

2. Each proglottid produces 30-40 thousand eggs. 

3. A secondary host i.e. pig is introduced to ensure its dispersal from one primary host to another. 
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ECHINOCOCCUS GRANULOSUS 


Echinococcus granulosus or the ‘hydatid worm \ primarily parasitizes members of the canine family. The larval stage, the 
hydatid, is normally a parasite of sheep, but almost any mammal will serve as a host It is potentially dangerous to h uman beings, 
in whom it may give rise to a fatal metastasizing, cancer-like tumor. 


SYSTEMATIC POSITION 


Phylum 

• Platybelminthes 

Gass 

- Cestoda 

Subclass 

- Eucestoda 

Order 

CydophyUidea 

Genus 

- Echinococcus 

Species 

- granulosus 


HISTORY AND HABITAT 

The hydatid disease, which is applied for any tumor or swelling of a cystic feature caused by Echinococcus. Redi (1684) 
and Tyson (1691) who bad reported actual animal nature of hydatid. But it was first discovered by<7oeze(1782). NcxtHartmann 
(1695) who found the adult in the intestine of dog. 

Th us Echinococcus is genera lly found in the small intestine of dogs, wolfs, foxes and other carnivorous mammals. But larvae 
of this parasite develop into bydratid cysts mainly in human being and domestic individuals. 


DISTRIBUTION 

Echinococuus is cosmopolitan in distribution, especially in sheep and cattle-raising areas. It has been reported from Iceland, 
South Australia, Tasmania, New Zealand, southern South America, southern and northern Africa, southern and eastern Europe, 
Siberia, Mangolia, northern China, Japan, and the near East. In India, it has been reported from Punjab. 


EXTERNAL FEATURES 

Shape and Size. The adult of £. granulosus is typically cyclopbyllidean (Taenia), but it differs from it in size. It measures 
from 2-8 mm. in length. 


Division of body. The body is divisible into (i) Scolex (ii) Neck (tai) StrobUa. 


(i) Scolex. The scolex is .nteriormosl p.rt of body mesuring 500 pin dnmeler. The sente. bc. n ton 

structures, the suckers for the .tuebment to the intestine of host. Anteriorly s.nuted rectncllle U ”* , 

double row of 20-80 hooks. Smyih (1963) h.s reported the presence of. group of cells lymg just 
the rostellum. These cells not only conuin droplets but .ctuilly secrete sm.ll vtsad droplets to the extenor. The (unebon 
of this secretion is Still immunological standpoint, acting as an antigenic agent. 

(ii ) Neck. The narrow part of the scolex, behind the suckers, forms the neck. It is the area of strobilization. 
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(iii )Strobile. The strobila consists of three or four proglottids. 

(a) First proglottid. First proglottid is indistineL It follows the neck and is 
slightly wider than the neck. It consists of a genital rudiment only in the 
form of dark patch of cells. 

(b) Second proglottid. This proglottid is well distinct It is much larger than 
the first proglottid. It contains a full compliment of taenioid-like male 
and female reproductive organs. 

(c) Third proglottid. It is gravid proglottid and is comparatively bigger in 
length as well as width than the other proglottids. It contains a uterus 
filled with a large number of eggs. 

INTERNAL STRUCTURE 
BODY WALL 

It is made up on the same pattern as in Taenia. 

DIGESTIVE SYSTEM 

The digestive system is absent The predigested food of the host is taken 
through general body surface. The food is reserved in the form of glycogen. 

RESPIRATORY SYSTEM 

The respiratory organs are absent. The protoscolices of Echinococcus carry 
out aerobic fermentation of carbohydrates. The protoscolices excrete pyruvic, 
acetic, succinic and lactic acids, and small amount of ethyl alcohol. In the absence 
of oxygen there is an increased production of succinate and no pyruvate is 
excreted. Carbon dioxide which is formed as byproduct is diffused oul 

EXCRETORY SYSTEM 

It is well developed containing longitudinal and transverse excretory canals 
with flame cells. Excretory system mainly help in regulating the amount of water 
in body, hence they are mainly osmo-regulatory in function. 


rottellum, 
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NERVOUS SYSTEM 


Well concentrated in the scolex. 


REPRODUCTIVE SYSTEM 

Echinococcus is hermaphrodite. The male and female reproductive ontans are in . 
proglottid. wgans are prcsenl ,n to second proglottid or mature 

Male Reproductive System. In the middle region of proglottid, encirdinc thr other . 

spherical structure known as testes. From each testis a fine duct arises know^s wir *fT pro J luc * ,ve or 8 an *. about 20-30 
proglottid the vasa efTerentia join to the base of a vas deferens. Vas deferens is an e*t \ ats ' In ,hc P os, medial portion of the 

passes lateral to an enlarged, coiled, marginal cirrus or penis, flic cimis lies in a huih!T y . Convolu,cd « *P*nn filled tube, which 
copulation is protruded through a lateral genital atrium and genital pore. US or sac • The cimis, during 

Female Reproductive System. Opening into the genital atrium doselv hrhinH • . , 

vagina. The vaginal opening is guarded by a muscular sphincter. Beyond the snhinri ^ Cirrus » * female copulatory tube, the 
at its inner end to form a sperm filled sac, the seminal recepticle. On the ier * u,e va 8«n» passes downwards and enlarges 

' P«*nor side of the proglottid there is a bilobed ovary 
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with a nanow. central isthmus from which an oviduct arises posteriorly. The oviduct joins a duct from the seminal receptkle, 
and this combined fertilization duct continuous posteriorly intoa median compact ooiype. The ootype is surrounded by unicellular 
Mehli's gland. In the posterior most region there lies a bilobed vitelline gland. The two lobes of vitelline glands are oriented 
dorsoventrally. From the vitelline gland a median vitelline duct arises that joins the ootype. From the ootype a tube-like uterus 
arises which extends to a point near the anterior border of the proglottid. 

Egg*- Eggs, resembling those of taenoid. are monoperculate and measuring about 30 x 38 p. These are ectolecithal i.e. the 
zygote is surrounded by the yolk cells provided by vitelline gland and shall material. After an egg-sball is laid down the eggs 
pass from the ootype into the uterus. When the uterus of a gravid proglottid bursts, the eggs are liberated and passed out along 
with faeces of dogs. These eggs gain enterence into the intermediate host (man or other mammal) either through water or in 
forage. Each egg contains a fully developed onchospliere. Human infection develops from too intimate an association with dogs. 
Infection of children is commonly established when dogs art permitted to lick their mouths. Eggs can be ingested from 
contaminated fingers. 

The eggs, upon being swallowed by a mammalian intermediate host, hatches in duodenum as a typical six-hooked 
onchosphere. The matching occurs in slight alkaline medium. Activation of embryos take place in either human bile or intestinal 
juice of ruminants, they are not activated in bile or intestinal juice of dogs and cals. The escaping onchospheres penetrate the 
intestinal wall, enter the mesenteric venules, and become lodged in the capillary beds of various organs. The hooks are now shed. 
After three hours of egeslion, the embryo reaches its final place of development. Among mouse, deer etc. they reach lungs where 
as in man and other mammals, they reach in the liver, lungs, brain, kidneys, spleen etc. but liver being the most common site. 
Implantation and growth occur here, Onchosphere now develops into hydatid cyst. The cyst formation is a slow process, with 
the host laying down an envelope of connective tissue around the parasite. In about 4-5 months, the cyst reaches approximately 
10 mm. in diameter. It goes on increasing in size and eventually becomes as big as the orange or even sometimes a football. 


The various types of larval cysts, formed in the life-bistory of Echinococcus arc: 


I. Unilocular hydatid cyst. The hydatid cyst is composed of three layers. The inner most layer is called endocyst. It is thin 
syncytium forming the germinal layer. The middle layer is called ectocyst. It is made up of cuticle which is amorphous and 
laminated. The outer layer is pericyst. It is composed of connective tissue and fibres secreted by the host 

The cyst produces daughter cysts upon invagination of its wall. These daughter cysts project into the lumen of mother cyst. 
The cavities are filled with a sterile fluid known as 

hydatid fluid. Within some daughter cysts, tertiary or ccnstncioo to form umdto'ol jermmative iiagcsm 

grand-daughter cysts, formed by invagination. These daughter O'** «y«* 


layer 


are endogenous or exogenous cysts or brood capsules. 

The endogenous cysts fall free into the hydatid 
fluid of mother cyst while the exogenous cysts, after 
detaching, migrate to other part of body, where they 
continue to grow further. The daughter cysts have a 
fibrous cyst wall internally lined with endocyst 

Rounded and hollow brood capsules are also con¬ 
tinuous! y budded off from the endocyst of mother cysL 
These capsules remain attach for some times by means 
of a nanow pedicle. 

From the wall of these brood capsules, minute 
scol ices are formed. Scolcx formation may occur from 
the invagination of walls either of daughter or grand¬ 
daughter cyst 

The anterior end is intumed to form a central canal 
into which the four suckers open and into the expanded 
base of which the booklets project The body of each 
scolcx is filled mesenchymal calls aggregated to form 
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Ethi*o«xtusgranulosus. HydalU cyst. 
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a subcuticular layer and to form a compact cup-shaped mass below the booklets. The syncytium of the endocyat retains its 
embryonic potentialities, and new brood capsules may be produced indefinitely. Hydatids thus may expand to enormous size 
and contains nearly 50 litres of fluid as well as thousands of scoleces. The pressure so produce may severely damage adjacent 
host organs. 

When the infective brood capsule is ingested by the final host, each scolex quickly evaginate and attach to the duodenal 
mucosa. For the first four to five days in the host they undergo little growth. By the 14th day the scolex has grown in size, and 
first proglottid has appeared. The genital anlage and a second proglottid appear by the 18th day. Growth continues and fully 
developed shelled embryos are formed by about the 35th day, and the life cycle is begun again. 

2. Multilocularcysl. It is characterized by many small bladders embedded in a common enclosing membrane. These are found 
in cattles. It is considered to be the result of differential reaction inside the bosL 

3. Alveolar hydatid in man. It is characterized by a malignant type of growth with jelly-filled proliferating vesides embedded 
in a common dense stroma. The very thin laminated membrane does not restrict the germinal membrane that grows out into 
surrounding host tissues. It is commonly sterile and it undergoes degeneration and calcification. 

4. Muhivesicular. It is characterized by many adjoining and connected bladders, each having its own separate germinal 
membrane. 


PATHOGENESIS 

Bladders or cysts are harmful when they develop rapidly. It causes inflammatory reaction in the surrounding tissue of the 
host result in the formation of fibrous tissue. The escaping hydaUc fluid not only causing diarrhoea, abdominal pain etc. but also 
death of the host sometimes. 


TREATMENT 


Surgery is the recommended treatment for hydatid disease, but removal of a hydatid cyst must be approached with care An 
individual harboring a hydatid often develops hypersensitivity to the fluid in the cyst and if the cyst is broken during surgerv and 
fluid leaks into the body cavity, the patient may die within minutes from anapbylatic shock. If the patient survives, protoscolices 
which are liberated from breakage of cyst, may set up secondary infection. In order to check the secondary infection sometime 
it is recommended to inject the cyst with akohol or iodine to kill protoscoleces. 


Mcbendazolhas been successfully used in some individuals who have hydatid in locations that are inoperable (Keystone 
and Murdoch, 1978). Adult worms in dogs are susceptible to treatment with praziquantel ( Wilson and Rausch, 1980). ^ 

CONTROL 


The followings are the elements of a control programme for hydatid disease: 

1. Treatment of infected dogs with an effective anthelmintic or to kill them. 

2. Keeping the viscera of domestic animals from being eaten by dogs. 

3. Children should not be allowed to play dogs frequently. 

4. Avoiding play with dogs and hands should be thoroughly washed before eatina. 
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PHYLUM - ASCHELMEMTHES 


There is variety of opinions among zoologists about the systematic position of nematodes. Some authors (Gaeenbaur etc.) 

have designated a separate phylum NematheJminthes. which includes or not include Acanthocephale and Nematomorpha. 

Recently, nematodes have been grouped in a class Nematoda in the phylum Ascbelmintbes. The term Aschelminthes is coined 

by Grobben 

CHARACTERS 

1. Round worms have elongated, cylindrical and vermiform body with tapering ends. 

2. Body is unsegmented but may be wrinkled. It is not distinguished into regions. 

3. Body unpigmented being either white or with a yellowish tinge. 

4. Caudal end of the body generally straight in female but coiled in males and the males are shorter than females. 

5. Anterior cepbalization is not prominent, therefore, the body is without any definite regions. 

6. Mouth terminal surrounded by lips. In strongyloides the lips are modified into teeth known as leaf-crown. 

7. Amphids and papillae are the main sensory organs and are of great taxonomic value in case in free-living forms. 

8. Marine nematodes are annuJated due to the presence of transverse striations or longitudinal striations which are of common 
occurrence. 

9. Body is covered by rough resistant cuticle, having bristles, spines warts and papillae etc. Sometimes cutide modified as 
cephalic, cervical and lateral cuticle and in the form of veside. 

10. Caudal end with a pouch of cuticular nature known as pbasmids, very common in parasitic form. 

11. Cuticle in the strongyloides is modified into an umbrdla-like form known as bursa which is generally supported by muscular 
rays. 

12. The layers of body wall generally made up of cuticle sub-cutide or epidermis and musde layer. The cuticle is generally of 
keratin which allows only glucose and urea etc. 

13. Epidermis is syncytial where they are usually divided in four sections in the four longitudinal chords. One dorsal, one ventral 
and 2 lateral in position. 

14. Musdes consist of longitudinal musde fibres with variable arrangements which is generally bolomyarian, meromyarian and 
polymyarian etc. The musdes are of great taxonomic value. 

15. The body cavity is pseudocoel. 

16. Digestive tract well developed generally made up of mouth, buccal cavity, pharynx or oesophagus are of various type, 
intestine and anus. 

17. Nervous system consists of a nerve-ring encircling the oesophagus. From it nerves are given out anteriorly and posteriorly. 

18. Protonepbridia absent but the excretory system is made up of canals or gland-like organs. 

19. Sexes are separate. Testes and ovaries are tubular and coded. Usually there is a single testis. The ducts from the testes open 
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into the cloaca and the cloaca is associated with accessory structures such as circular spicules. Ovaries, oviduct and uteri 
arc double. 

20. Aschelminlhes are ovo-viviparous, oviparous or viviparous. 

21. Life-cycle complicated may be with or without intermediate bast. 

22. Larval stage four. Third stage of larva is infective. 

CLASSIFICATION 

Phylum Aschelminlhes is divisible into one dass-Nematoda. 

CLASS - NEMATODA 

1. Body is slender, cylindrical, tapering towards both the ends. 

2. Body is covered with cutide. 

3. Intestine is well formed. 

4. Body cavity is not lined with epithelium. 

5. Cloaca is absent in female. 

6. Male and female reproductive organs are well developed. 

The Classification of Nematoda is not stable as they have been studied mainly independently. The scheme given below wQI 
be found simple and convenient. 

Class Nematoda is divided into two sub-classes: 

Sub-class I-Aphasmidea 

Sub-class II-Phasmidea 

Sub-Class l-Aphnsralden 

1. Phasmids or caudal sensory organs are absent 

2. Ampbids or anterior sensory organs many. 

3. Excretory organs either reduced or absent. 

4. Coelomocytes and mesenterial tissue are well developed. 

3. Caudal alae in females arc absent free living. 

The Sub-dass is divided into following orders: 

Order (!) Chromadoridea 

1. Oesophagus is not elongated but differentiated into three regions. 

2. Cuticle smooth or ringed. Ornamented and sometimes with bristles. 

3. Ampbids spiral. 

4. Mainly marine and free-living. 

Examples: Druconematids, Walichoanolaimus. 

Order (2) Enoploidea 
1. Mainly marine and free-living. 



304 


Phylum - Aschelminihes 


2. Six sensory papillae on the lip. 

3. Ten to twelve sensory bristles arranged in one or two circlets. 

4. Cyathiform (goblet-shaped) ampbids. 

5. A pair of cephalic slits. 

6. Size small to moderate. 

Examples: Pelagonema, Enoplus, Meioncliidiamus. 

Order (3) Dorylaimoidea 

1. Found in fresh-water and soil. 

2. Cuticle smooth without bristles. 

3. Head with an inner circlet of six and an outer circlet of ten sensory papillae. 

4. Odontostylet, the piercing apparatus derived from a modified tooth in the oral region. 

5. Ampbids cyarhiform. 

6. Posterior part enlarged. 

Examples: Dorylnimus, Xiplimema. 

Order (4) MermUhoidea 

1. Anterior end with 16 labial papillae. 

2. Sensory bristle absent 

3. Cuticle is smooth. 

4. Amphids either rudimentary or cyatbiform. 

5. Oesophagus opening in blind intestine. 

6. Larvae parasites in invertebrates whereas adults are free living. 

Examples: Mermis, Poramermis. 

Order (5) Trichuroidea 

1. Intestinal muscles, caudal gland or suckers are absent 

2. Mouth without lips. 

3. Pharynx very long and nanow. 

4. Females with one ovary. 

5. Males with one or no copulatory spicule. 

Examples: Trichmella, Tricluiris. 

Order (6) Desmocolecoidea 

1. Small sized with heavily ringed cuticle. 

2. The bud is .moored. Anterior end with four sensory bris.les. 

3. Ampbids .re crescent shaped or pomp-shaped. 

4. They are marine and free-living. 
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Examples: Tricoma, Desmoscolex. 

Order (7) Monohysieroidea 

1. Small forms wiib smooth or ringed cuticle having bristles. 

2. Amphid circular. 

0 

3. Anterior end with 4.6,8, or many sensory bristles. 

4. Free living forms, few are marine, some are fresh water and others terrestrial. 
Examples: Monoliystera, Siplionolaimus. 

Sub-class II • Ph os raids 

1. With phasmids and pore like amphids. 

2. Excretory organs with paired lateral canals 

3. Cocloinocytcs 4-6. 

4. Caudal or bypodermal glands absent 

5. Reproductive system well developed. 

The sub-class has been divided into following orders: 

Order (I) RhabdUoidea 

1. Mouth without lips and with 6.12, or 18 papillae. 

2. Cuticle is ringed or smooth. 

3. Pharynx. long with posterior bulb. 

4. Single ovary in females and males with copulatory spicules. 

5. Mostly parasite on birds and mammals. 

Examples: Rhabditis, Diplogasier. 

Order (2) Oxyuroidea 

1. Pinshaped small or medium sized. 

2. Cervical papillae absent 

3. Pharynx with posterior bulb. 

4. Females with slender tail. 

5. Males with one or two copulatory vesicles and sometimes with alae forming a bursa. 

6. Parasites in invertebrates and vertebrates. 

Examples: Emerobius, Oxyuris. 

Order (3) Ascaroidea 

1. Large parasitic. 

2. Mouth surrounded by three rarely six lips. 

3. Cervical papillae present 

4 - Pharynx with or without valve. 
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5. Female short tail. 

6. Male with ventral I y coiled tail and with two equal copul a lory spicules and usually without alae. 
Example: Ascaris. 

Order (4) Strongyloidea 

1. Mouth without distinct lips but has leaf crowns. 

2. Pharynx is without bulb. 

3. Males are provided with a distinct caudal bursa which b supported with rays. 

4. Females with a ovejactor. 

Examples: Ancylosioma. Necaior, Strongylus. 

Order (5) Drucunculoidea 

1. There are no definite lips or buccal capsule. 

2. Moulh is surrounded by ring of papillae. 

3. Pharyngeal bulb is absent. Pharynx is muscular anteriorly but glandular posteriorly. 

4. Copula lory bursa b absent in males. 

5. They are parasite of vertebrates. 

Examples: Dracunculus, Micsopleura. 

Order (6) Spiruroidea 

1. Mouth with two lateral lipa, aonettoea 4 or 6. 

2. Pharynx with bulb with anterior muscular and posterior glandular part. 

3. Males without bursa but have spirally coiled tail. 

4. Parasitic forms. 

Examples: Cnaihosioma, Spiraxys. 

Order (7) Rhabdiasoidea 

1. Cuticle smooth. 

2. Definite pharyngeal bulb is absent. 

3. Parasitic stage is hermaphrodite or partbenogenetic free-Irving stage may develop into males and female* 
Example: Rhabdias. 

Order (8) Filariodea 
|. Slender filiform worms. 

2. Mouth simple, lips are absent. 

3. Females larger having an anterior vulva and a long tubular vagina. 

4. Males with two unequal spicules. Alae present or absent. 

5. Found in blood or lymphatic system. Transmitted by b*ood sucking insects. 

Examples: Wucherrrio. Microfd*ns. Lorn. 
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Phylum - Aschelminlbes 

Class - Nematoda 

Sub-class • Apbasmidea 

Order - Trichuroidea 

Genus - Trichuris 

1. It is commonly called as whip-worm. It b 
an endoparasite found in the caecum and 

large intestine of man. ^ ><IN. 

2. It has world wide distribution but com- flyi n R If 1" 

mon in tropical countries. TTu I I II fcl IIW // 

3. Female is slightly larger than males. H |l M niiiniliajin 

4. The anterior part of the body having w ** ,a, Is || If ll \\ *V| 

pharynx b usually more slender and thb o'*** JJfhjL\ Ij It Wl . I«|T *"“*** l\ 

portion is buried in the mucosa of host’s | |j /fflj j II 

5. Mouth is simple without lips. VullW rl IiIJh v “ <Jrfwt— 'ft f| 

<Mduct \\\a\\ \ ooophafxa Vi II (if] apkvtc pouch | j 

6. It feeds on blood and epithelial cells. Y'nAsA\ 11 Inf 11 if 

7. Life-cycle b simple with no intermediate \\\\\ 

8. Development of eggs take place in mobt 'AjsWy nova 

soil. Embryos develop in about three ySfcy ^_ 

WMl “' f * a ' r ~*“* A 

9. Contaminated food and water responsible • 

for infection in man by swallowing eggs with juveniles. 

10. Liberated juvenile grow into adults within a mouth. 

11. Excretory system is absent 

12. Heavy infections b responsible for diarrhoea and anaemia. 

TR1CHINELLA 

The systematic position b the same as that of Trichuris. 

1. It b a parasite of man. pig, rat and other vertebrates. It b commonly known as irichinia worm. 

2. It b commonly found in Europe. United States and Arctic regions. 

3. Sexes are separate, males arc about 1.5 mm. in length and the females are 3 mm. in length. 

4. In both the sexes, the mouth b without lips. 

5. Pharynx b long, slender and non-muscular and b embedded in stichosome. 

6. The oesophagus b tubular, well developed and occupies 1/3 of the total length of body. 


c*icuUK»y J 
due, T 
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cnchotomc p*«tyu 


vagina 



vkfciuu 1— 
hll'JgUl 

o>puiii<ir> 
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. kVKi* 


anus- 


B 


Fig. 35.2 TrifhintUa. A—Adult male. B—Adult female. C—En¬ 
cysted larvae ia striped (voluntary) musde of pig. 

9. The developing wonn begins lo migrate info the musd 
and produces Ibe symploms of a dreaded disease call - 
Trichinosis. 

10. Patients feel gas tro-intestinal pain, and weakness wiib or 
wilhoul fever. 


Phylum 

Class 

Sub-class 

Order 

Genus 


RHABDITIS 

Ascbclminfbes 

Nemaioda 

Pbasmidea 

Rhabdiioidea 

Rlmbdiiis 


1. Genus Rhabidiiis includes numerous free-living, semi- 
parasitic forms. They are commonly found in organic 
mailer, faeces of man. They feed on Ibe fluid formed by 
bacterial dccyin • of organic matters. 

2. The pharynx has two bulbs with an isthmus joining them. 

3. The excretory system is H-shaped. 

4. The reproductive system is J-sbaped. 

5. The large femdc a pointed tail and didclpbic sex-or¬ 
gans i.c. having suited ovaries, oviducts, seminal recap- 
tides and uteri. 





Fig. 15 3 


RhabJia. A—Mule, B-Fcauk. 
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6. The male has a Qatenned copula lory bursa, two equal spicules and monor- 
chic sex organs i.e. single testis. 

7. Life-cycle is simple and direct. The juveniles adhere to the bodies of dung 
beetles for transport to fresh dung. 

ENTEROBIUS VERMICULARJS 
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Phylum 


Ascbelm in tires 

Class 


Nematoda 

Sub-class 


Pbasmidea 

Order 


Oxyuroidea 

Genus 


Enterobius 

Species 


vermicularis 


1. It is commonly called 'pinworm' or ‘seatworm'. 

2. It has world-wide distribution, but specially found in Europe, India, 

Africa, Canada, Chile and U.S.A. 

3. Adult worms live in the caecum, appendix and adjacent parts of intestine 
of man. 

4. Sexes arc separate. The male measures 2-5 mm. in length and the female 
measures 8-13 mm. in length. 

5. Anterior end is provided with three lips and a pair of cephalic expansion. 

6. Male has a venlrally curved tail with a single spicule and a pair of culicular 
expansions known as caudal alae. It is minorchic. 

7. Female has a straight tail which becomes long and pointed. It is didelphic 
Vulva is anterior. 

8. Life-cycle is simple there is no intermediate host. Gravid females migrate 
to anus causing itching sensation. They crawl and deposit eggs on the 
perineal skin. Due to scratching, gravid females rupture and thus small 
eggs are liberated. The re-infection in children takes by putting fingers in 
mouth. Eggs hatch. Juveniles inhabit small intestine. They moult twice 
and turns into adults which reach their normal habitat. The infection is 
called Enterobiasis. Symptoms are inflammation of caecal mucosa, abdominal pain, insomnia, hysteria, restlessness loss 
of appetite and sometimes appendicitis. 



Fl|. 35.4 Eoirobiui. A—Milt, B—Finale. 


Phylum 

LOA LOA 

Aschelminihes 

Class 

- 

Nematoda 

Sub-class 

- 

Pbasmidea 

Order 

- 

Filarioidea 

Genus 

. 

Loa 

Species 

• 

loa 


1. It is commonly known ms African eyeworm, chiefly found in Africa. 

2. They live in the subdermal connective tissue of man in West Africa. 

3. The male and female measure 20-35 mm. and 20-70 mm. in length respectively. 

4. Body is covered by numerous warts. 



Fig. 35.5 Loo too la ike cornea of maa. 
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5. The intermediate hosts are mango flies. Chrysops The larvae moult and develop up to infective stage in fly. These are 
transmitted in blood of man through proboscis. 

6. The adult worm moves about in the body in the subdermal tissue and sometimes passes across the eye ball causing intense 
itching and swelling known as ‘calabar swellings’. 

7. These are injurious and fatal when they penetrate brain and spinal cord. 


DRACUNCULUS 


Phylum 

• Aschelmimhes 

Gass 

- Nematoda 

Sub-class 

- Phasmidea 

Order 

- Dracunculoidca 

Genus 

• Dracuneulus 

Species 

- medinensis 


1. It is commonly called 'Guinea Worm \ It is 
found in tropical countries like India, Africa, 
South America and West Indies. 

2. It lives in the deeper subcutaneous tissues of 
man. 

3. The anterior end is blunt while the posterior end 
is pointed. 

4. The adult male measures 4 cm. in length. It’s 
hind end is curved and bears 10 pairs of genital 
papillae and a pair of pineal spicules. 

5. Adult female measures 70-120 cm. in length. 
It's hind end is straight and bears a spine-like 
process. 



6. The oesophagus is distinguished into an F , g 3J6 Drocu*<ylus **&»<*** A-Eatlrt.&-Aa«rior«.<lof 

anterior narrow muscular region and a male, C—P«icrior cad of male la vcatnl view, 

posterior broader glandular region. 

7. The female reproductive system is didelphic with opposed uteri. 

8. Females are viviparous. The alimentary canal and vulva are atrophied in mature females. 

9. Mature female migrates to the superficial layers of the skin in those parts of the body which ar t likely 

with cold water. Toxic substances are produced under the skin which results in the formation of a blister, l« ng' |n 

which breaks on coming in contact with water. On coming in contact wUhw.terthc worn.« P ^ta“™£iat« boat, 
water. The larvae swims about but do not develop further unless swallowed byCyctop^whtch serves, Jj ^ i|ongwilh 
Here the larvae moult twice and become infective. Infection occurs when Cyclops are swallo y 
drinking water. 

10. It causes guinea worm disease characterised by asthma, nausea, vomiting, diarrhoea etc 
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Much is known about ihe morphology and life-cycle of Nematoda but out of them Ascaris is most known. A. lumbricoides 
is the most common nematode parasite found in the human intestine.' Being of large size and found abundantly, Ascanr b studied 
as the main example of the nematodes. 


SYSTEMATIC POSITION 


Phylum 

- Aschelminthes 

.Class 

- Nematoda 

Sub-class 

- Phasmidea 

Order 

Ascaroidca 

Genus 

• Ascaris 

Species 

• lumbricoides 



HABITS AND HABITAT 

A. lumbricoides, a large nematode parasite of man, b world wide in distribu¬ 
tion.^! occurs more commonly in the small intestine of children than in adulb) 
because of the children’s custom of playing in contaminated, egg-laden soil 
adjacent to dwellings. As many as 1000 -1500 adult worms may be present in a 
single host Because of their strong, pointed and cuticulate bodies and their habit 
of wandering, they may perforate the gut wall and cause peritonitis or they may 
enter the bile or pancreatic ducts or the vermiform appendix and interfere with 
normal digestive functions. 

EXTERNAL FEATURES 

Shape and Size. Both the sexes are elongated, cylindrical and pointed at 
both the ends. Males are 15-31 cm. long and 2-4 mm. in diameters, while the 
females are 20-35 cm. long and 4-6 mm. in widtb^ The males are further 
distinguished by a ventrally curved posterior end. from the slit-like opening of 
which often protrude two copulatory spicules. 

Colouration. In the living condition, the colour of the animal b milky-white 
or reddish-yellow. There b a characteristic lustre on the body. • 

Longitudinal lines. There are four longitudinal lines or streaks, running 
throughout the length. One b mid-dorsal, one mid-ventral and two lateral The 
dorsal and ventral lines are white in colour, the lateral streaks are thicker and 
broader than dorsal and ventral streaks and are brown in colour. 

Mouth. A triangular mouth b present at the anterior end of the bodyj It b 
surrounded by three denticulated lips^One of these b mid-dorsal and other two 
are latero-ventral in position. The mid-dorsal lip b almost elliptical and has a * 
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forked fleshy core in ihe centre. A circle of four sensory 
papillae is found on it. The remaining two lips also 
have a forked core and two rows of sensory papillae. 
Each sensory structure is called amphids. The sensory 
papillae of nematodes are very useful in the identifica¬ 
tion of the species and assigning their position in the 
classification. The sensory papillae are mngorecep- 
tors. The amphids are chaemoreceptors. 

The posterior end of the male bears ventrally. 50 
pairs of pre-ana! papillae in front of the cloacal aper¬ 
ture and five pairs of post-anal papillae behind iL The 
first two pairs of post-anal papillae are double. These 
papillae of the male help in copulation. 


Excretory pore. It 
linle behind the mouth. 


is situated mid-vcntrally. a 


Genital pore. It is present only in female and is 
situated mid-vcntrally at about 1/3 distance from the 


BwWocal lip 
denticulate margin of tips 


mouth bounded by lip* 



Fig. 362 Ascaris. Ea-fice view of lips *»d moaih. 


preanalp^altoe 
pottanal pnpdUe 

' ctoocal aperture . 
double postana! p^alUe 

i p a uaIieuerorsp*cuta 




ctoaoJ aperture 


anterior end. 


Fig. 36.3 Ascaris. 


Posterior cad in lateral view rod vcalral view. 


Anus. It is also present only in female. It is a 
transverse pore guarded by thick lips, lies mid-vcntrally a little infront of posterior end. 

Cloucul aperture. It is present only in m.le. It is situated mid-ventrally in Iron, of the curved pos.erio, end. Two cbitinous 
penial seiae or penial spicules are protruding through cloacal aperture. 

BODY WALL 


The body wall is made up of three 
layers. 

(1) Cuticle 

(2) Epidermis 

(3) Muscle layer 

1 . Cuticle. The cuticle forms a thin 
transparent, clastic but resistant cover¬ 
ing around the body. It protects the body 
against the action of digestive juices. It 
is secreted by underlying epiderrtlis. 
Histologically, the cuticle is formed of 
several layers and can be distinguished 
into (i) Cortical layer, (ii) Matrix, (iii) 
Fibrous layer and (iv) Basement 
membrane. 



evtide 



«r0 




(i) Conical layer. It is made up of 
dense keratin. It protects the animal 
from the digestive juices of host 

(ii) Matrix. It is an clastic layer con¬ 
taining sulphur rich matnein. Flg 3*4 


oudeui 


uun-cootrectik 
cytopUwruc portion 


mU ideceU> 

forming 

wv-ckky" 



neutomuKularpiore- 

texding to nee* 
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(iii) Fibrous layer. Il is made up of collagen fibres ibat 
cross each other obliquely. 

(i^) Basement membrane. It forms tbe inner limit of 
cuticle. 

Under electron-microscope tbe cuticle is made up of 
following layers: 

(1) Lipoid layer. It is in tbe form of a tbin osmopbilic 
membrane, about 1000 A 0 thick. 

(2) Conical or cortex layer. It consists of (a) an outer 
cortical layer which lies as discontinous strips or rings 
around the body, and (b) an inner conical layer. 

(3) Matrix layer. Il consists of (a) an outer fibrillar layer 
tranversed by branching canals, (b) a homogeneous 
layer with several radial striations. and (c) a boundary 
layer resembling the outer cortical layer. 

(4) Fibre layer. It consists of collagen fibres arranged in 
three strata. 



(5) Basement membrane. It is a thin layer surrounding the epidermis. 

2. EpidermU. It is syncytical in nature as it is having no cellular boundaries i.e. tbe nuclei are scattered in cytoplasm. Il is 
thickened and projects into the pseudocoel as four longitudinal ridges called, epidermal chords. These are dorsal, ventral 
and lateral in position. Tbe lateral chords are thicker than others, containing longitudinal excretory canals and lateral nerves 
in them. The dorsal and ventral are tbin containing nerve cords and terminate towards the posterior end of the body. 

3. Muscle layer. Beneath the ectoderm Isa single layer of longitudinal muscles which is distinguished into four quadrants. 01 
them two arc dorso-lateral and two ventro-latcral. Each containing about 150 muscle cells. The muscle cells are highl) 
specialised spindle-shaped cells, distinguished into two parts lying below the ectoderm: 

(a) Fibrillar region. Formed of contractile and non-contrac- 
tile fibres arranged alternatively, it is found wrapped 
around the protoplasmic part 

(b) Protoplasmic region. It is the inner part of the musdc cell 
situated towards the pseudocoel. It b almost bladder-like 
in appearance and consists of a single nucleus. 

There ip a complete absence of circular muscles in nematodes. 

PSEUDOCOEL 

There b a large fluid-filled space between the body wall and 
the viscera. The fluid contains fibrous tissue in the form of 
fenestrated membranes and fixed cells. The epithelial lining of thb 
cavity b absent hence cannot be a true coelom. The fenestrated 
membranes extend over the viscera and muscle layer from a single 
giant pscudocoelocyte placed on the doisal side where pharynx 
connects with the intestine. Four more star shaped giant cells lie in 
relation to epidermal cords. Thus in all there ate five pseudo- 
coelocytcs. The pscudocoelocytes and fenestrated membranes may 
be regarded as a kind of mesenchyme. 

In fact, the spaces arc said to be large vacuoles in a few. F 
enormous cells. A protein-rich fluid of characteristic, unpleasent * 366 s7gk* ,A ~ P || niOB ° f 8U “‘ ce,b *“ p “ B,iocoe1, 
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odour fills the cavity. This fluid may produce some of the toxic and inflammatory symptoms of ascarid 
infections. 


LOCOMOTION 

Locomotion is by means of longitudinal muscles which produce undulating movements of the body 
in the dorsoventral waves. The circular muscles are absent to counteract against longitudinal muscles, 
the hydrostatic pressure of body fluid against the cuticle serves the purpose. 


DIGESTIVE SYSTEM 


The alimentary canal of Ascaris is complete. It comprises mouth, pharynx, intestine, rectum and 
anus. 

Mouth. It lies at the anterior end of the body. It is bounded by three lips-one mid dorsal and two 
latero-ventral in position. It leads into the pharynx. 


Pharynx. The pharynx is muscular, about 10 mm. long. It is provided with a triradiale, cuticulate 
lumen, and has a wall composed of radially arranged, lumen-dilating muscles. A single pinnatcly 
branched dorsal, and a pair of palmately branched subventral. uninucleate glands arc embedded in the 
wall of the pharyns. These are unicellular structures discharging their contents into pbanyngal cavity. 
The wall is composed of syncytial epithelium. The pharynx is followed by the intestine. The pharynycal 
wall projects into the intestine as a phanyngeo-intenstinal valve. 


Intestine. It is . long. thin, walled, doisoventially Oanened tube which a devoid of mu scles. The 
intestinal wall is formed of a single layer of elongated columnar cells lined 
membrane, nd a thin layer of cur,c/e. Hie free inner margins of columnar cells are ‘£*'**"J 

finger-like projections called the microvilli. These form a brush border and increase the surface 


for absorption. 


Rectum. The intestine is followed by a short rectum which is also do^o-venua yn.ttenc^ W.n 
of Ihe rectum consists of ull columnar cells and is lined internally by cuticle and extcm.ll'» ’* 
■issue. In male, the rectum opens into the cloaca which also receives die ejaculatory duct, while In 
female, it opens out through the anus. 

Anus. The anus is a uansverse slit guarded by anterior and posterior lips and is provided with a 


mouth 



special muscle, the depressor anL 

Digestion. Ascaris gets semi-digested or digested 
food from its host. So it does not require to digest food^ 
However, it can digest semi-digest food by means of 
enzymes secreted by gland cells of pharynx and cells of 
anterior part of intestine. These enzymes can digest 
carbohydrates, proteins and fats. 

Absorption. The cells of intestine generally absorb 

digested food. Excess fat and glycogen are stored in 
different tissue. 

Eaestlon. By the contraction of dilator musdes 
attached to rectum undigested food is expelled out 

RESPIRATION 

There being no special organs of respiration, but the 
parasite cany on anaerobic respiration by breaking 
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down glucose and forming carbon dioxide and fatly 
acid which are eliminated out through the cuticle. In 
the presence of oxygen, it respires aerobically. The 
small amount of haemoglobin in the body wall 
(muscles) and pseudocoel fluid takes up the oxygen 
even when it is present in low tension. 

EXCRETORY SYSTEM 

The excretory system of Ascaris is built entirely 
on a different plan. The flame cells or nephridia are 
absent. Renctte cells of osmoregulatory function found 
in other nematodes are not found here. 

In Ascaris, the excretory system is made up of a 
syncytium containing four or more nuclei. It consists 
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1. Excretory duct. There is no excretory duct having two or more nuclei 
embedded into its walls. The excretory duct opens out through excretory pore. 

2. Excretory cell. There is an excretory cell comprising two lateral excretory 
filaments running along each side of the body adjacent to the lateral chord. 

3. Commissure. An excretory bridge is formed where two lateral filaments Join. Each excretory filament contains an 
intracellular excretory canal. The intraoellular excretory canals divide up into a network of canaliculi in the commissural 
region. Excretory products are believed to diffuse into the canals which secrete urea, which is eliminated out through the 
excretory pore. 


NERVOUS SYSTEM 


The nervous system consists of ganglia and nerves, all 
in close association with the ectoderm. The nervous sys¬ 
tem of Ascaris has been thoroughly studied by 
Goldschmidt. The number of cells taking part in the for¬ 
mation of entire system is apparently fixed and it is 162. 
There is a distinct circumpha ryngeal nerve ring around the 
pharynx which connects a pair of lateral ganglia, a dorsal 
ganglion, a pair of subdorsal ganglia (each sub-divided 
into six smaller ganglia) and a pair of large ventral ganglia 
from these ganglia of the nerve-ring there proceed back¬ 
wards eight nerves: a mid-dorsal nerve that passes through 
the dorsal epidermal chord; amid- ventral nerve that passes 
through the ventral epidermal chord; a pair of dorso¬ 
lateral nerves that run just above the lateral chords; a pair 
of lateral nerves that extend through the lateral epidermis 
chords and a pair of vemro-lateral nerves that run just 
below the lateral epidermal chords. Of these, the ventral 
nerve is most prominant and is ganglionated through out 
its length, therefore, it is regarded as nerve cord. Posterior¬ 
ly the nerve cord joins tpre-anal ganglion. The dorsal and 
ventral nerves are connected at intervals by asymmetrical 
dorso-ventral connectives throughout their length. 
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Similarly. Ihc ventral and lateral nerves are also connected at interval by veniro-lateral commissures. 

One of the six ganglia formed by subdivision of each lateral ganglion is known tsamphidial ganglion which supply nerve 
to amphid of its side. The genital papillae of the male worm are innervated from special bursal nerves. 

SENSE ORGANS 

The sense organs include papillae ampbids and pbasmids. 
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Fig. 36.12 Aitorit. Caplaiic and Ubial papilla* 

Papillae. Various types of papillae such as labial, cervical and genaa I papillae 
are present in Ascaris. A labial papilla consists of a nerve axis placed ins.de a 
cuticular elevation surrounded by supporting cells. Tie dorsal lip has two double 
papillae, each consisting of a labial papilla on the medial side and a cephalic pap.I.a 
on outersidc. Each venlro-lateral lip has a labial papilla near its upper 
margin and a double papilla near its lower margin. The double 
papilla, a labial papilla towards the medial side and a cephalic papilla 
towards the outer side. Thus Ihc lips bear six labial and four cephalic 
papillae in all. Genital and caudal papillae have a similar structure. 
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Fig. 36.13 Ascorii. Cervical papilla. 
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Ampbids. These are two in number, one on each vcntro-lateral 
lip a little above the labial papilla. An amphid consists of support.ng 
cell opening out side by a pore and having a bundle of nerve-fibres 
that unite into one fibre. These are probably a cbacmorcceptor. 

A pair of phasmids occur on each side of the tail. Pb«mids “ 
the out let of a unicellular gland opening over a small papilla which 
is probably cbacmorcceptor. 
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REPRODUCTIVE SYSTEM 

Sexes are separate and there is a well disUnel sexual dimorphism. 

I. Male Reproductive System 

The male reproductive organs arc: 

1. Testis 

2. Vas deferens 


seminal 

vesicle 


A scar is lumbricoidcs 

3. Seminal vesicle 

4. Ejaculatory duct 

5. Penial sac with penial setae. 

1 . Testis . The testis Is a long tbin, coiled and thread¬ 
like structure in the anterior part of pseudocoel. It 
represents monorchic condition (presence of 
single testis) and telogonic mode of origin of germ 
cells ( Le. germ cells developing only from the 
proximal part of gonad). The testis can be distin¬ 
guished into three parts:- 

(a) anterior solid part consisting of sex cells, (b) 
middle part and (c) Posterior part The central axis of 
the tube is in the form of a solid cytoplasmic rachts. 
around which the dusters of amoeboid sperms in 
various stages of development 

It is continued posteriorly into the vas deferens. 


2. Vas deferens. The vas deferens is a wide as the 
testis and the two cannot be marked externally. It 
is very short and leads into the seminal veside. Fig 36.15 

3. Vesicula seminalis. The vesicula seminalis is a 
wide tube present in the posterior l/3rd part of the body. 

It joins the ejaculatory ducL 

4. Ejaculatory duct. It is a short, narrow but muscular tube 
opening into the cloaca, which leads outside by cloacal 
opening. 

5. Penial sac with penial setae. On the dorsal side of the 
cloaca are a pair of sac-like structures called penial sac. 
These arc formed by evaginalions of the cloaca. Each 
pouch secretes and lodges a club-shaped spicule or penial 
seta. The spicula is enclosed in a sheath and consists of a 
cytoplasmic core surrounded by thick cuticle. Each 
spicule measures 2-3.5 mm. in length. The penial sac have 
specialprornic/orand retractor musdes from their walls, 
the musdes push the spicule out and withdraw them back 
into the pocket 

II. Female Reproductive Organs 

The female reproductive organs indude: 
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1. A pair of ovaries 

2. Oviducts 



1 ejaculatory duct 
cuticle 


pseudocoel 
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3. Uteri 


4. Vagina 

1 . Ovaries. The ovaries represent didelpluc condition Le. there are two ovaries. Each ovary is a long, thread-like, much twisted 
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and blind tubule occupying posterior l/3rd 
of the body. Its walls consists of a single 
layer of cuboidal epithelial cells lined ex¬ 
ternally by basement membrane. There is 
no lumen, the central pari is occupied by the 
cytoplasmic rachis . around which young 
eggs are clustered. 

2. Oviducts. The oviducts are two thin ducts 
very similar to the ovaries. These open into 
the uteri. 

3. Uteri Each oviduct continues into a much 
wider, thicker and almost untwisted tube, 
the uterus. The wall of the uterus is com¬ 
posed of tufted cells, surrounded by a 
muscle layer with inner circular and outer 
oblique fibres. 

4. Vagina. Two uteri join to form one vagina 
which opens to the outside by female geni¬ 
tal pore or vulva, lying on mid-ventral side 
about 1/3 of the length of the body posterior 
to anterior end. 

LIFE-CYCLE 


dotal 



cyncytial 

epidermk 


Ascaris is monogenetic i.e., it requires only 
one host to complete its life-cycle. 

1. Copulation and Fertilization. Ascaris 
copulate in the intestine of man. During the 
process sperms are ejected by male into 
vagina of the female. These move in the 
uterus where fertilization occurs. While 
moving further the eggs become covered by 
a cbitinous cells and an outer inegular al¬ 
buminous coat. 

The eggs are round or oval (60 p X 45 p). 
light brown in colour and float in saturated solu¬ 
tion of common salt The unfertilized eggs laid 
by the mother may mix up with the fertilized 
eggs but the unfertilized eggs are larger (90 p X 
45 p) and sink in saturated salt solution. 

2. Egg-laying. The uteri of a single female 
may contain as many as 2,70,000,00 eggs 
(Cram, 1927), with an average daily 
production of about 2.00.000 eggs. The fer¬ 
tilized eggs are released in the intestine of 
host through the vulva. From the intestine 
of host they arc eliminated along with faecal 
matters. 
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place at 85° F i.e. outside the body of man. It is stopped 
at 60° F and eggs gradually degenerated at 100° F.Tbey 
can remain alive for years in moist soil. 

Cleavage. The cleavage is spiral and determinate. The 
first division is transverse producing an upper dorsal cell 
(AB) and a lower ventral cell (P). The dorsal cell (AS) 
divides vertically into an anterior cell ( A) and a posterior 
cell (8). Simultaneously, the ventral cell divides horizontal¬ 
ly into upper cell ( EMST) and lower cell (P). Thus the 
four-celled embryo has T-shaped appearance. The Pi cell 

shifts towards right and comes to lie in front of the upper cell _ . 

(EMST). The A and B cells divide together into right and left cells and by further divisions form the ectoderm of the embryo. 
The EMST and Pi cells divide ii to £. EMST, Pi and C cells. The offsprings of cell E form the endoderm, while the descendants 
of EMST constitute the mesoderm and a pari of ectoderm. The cell Pi divides into PA and D. The cells C and D divide and 
contribute to the ectoderm and mesoderm. The cell Pi divides into G\ and Gi and forms the primordial germ cells. Thus blastula 
stage is attained. It undergoes gastrulation by invagination and finally develops into an active juvenile, representing the rhabduoid 
stage. Under favourable conditions of temperature, moisture and oxygen supply, it requires 10-14 days to reach the 1st stage 
larva. After a week or so it moults inside the egg shell and changes into the second stage larva. The hatching and further 
development of the larva is possible only if the egg 
enters the final host 

Infection and Emergence of Larva. The eggs 
containing rhabditiform larva contaminate food and 
water. If someone takes Ibis contaminated food or 
drink contaminated water the eggs reach the healthy 
man. This type of transference is called contamina¬ 
tive transference or infection. The shell of the egg is 
weakened in oesophagus and is dissolved in the in¬ 
testine of the new host The larva is about 200-300 p 
in length and 14 p in breath. It has fully formed 
alimentary canal, exactory and nervous system. 

Primary Migration of lairva. The larva bur¬ 
rows the mucous membrane of the intestine of the 
host and through hepatic portal vein reaches the liver. 

From here through portal vein and post-caval reaches 
the right auricle of the heart From here through 
pulomonary arteries reaches lungs. In lungs it moults 
twice. The first moulting takes place after 5-6 days 
(third stage larva) and second moulting after 10 days 
forming fourth stage larva. This larva now increases 
in si/e and is about 2 mm. in length. 

Secondary Migration. From lung the larva 
reaches bronchii, trachea, larynx and finally to 
pharynx where it irritates causing coughing by which 
it re-enters the alimentary canal when the cough is 

swallowed. After reaching the intestine through -rr tmir- -_a_ 

stomach it moults fourth or last time. The young p « E, E, 

Ascaris becomes adult sexually mature within 6-10 G wUl 

weeks and begins its lifc-cycle again, the whole 

migration is completed within 10 days. ' s n* C T i » U8 ” sk,wi ° 8e,,,y,,e ve»op«Dt«t A—Zygote. 

r JiTT 9, 8-6 **" iU P- cell sugc, 

G-Medul ujuul Kclloa tkroagk blast.!,, H-Medi.n 
8 1 secooa ikro.gk ike crabyro after iovagiealioa of 
i rod tke prinonUi! germ celts. 
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PATHOGENESIS 

Ascaris is pathogenetic to man. when larvae migrate through the lungs, they cause lung-inflammation and fatal pneumonia. 
Sometimes, fever, anaemia, leucocytasis (presence of excess of while corpuscles in the blood) and eosinophilia result In mature 
form, Ascaris may or may not disturb life-activities. Some abdominal discomfort and acute colic pains with vomitting, diarrhoea 
and slight temperature occur. Often masses of Ascaris block the intestine, in which condition they can only be removed by 
surgical operations. Several hundred thousands of worms are responsible for blockage and they are fatal. Appendicitis is also 
caused by the blocking of appendix by Ascaris. Toxic substances produced by Ascaris cause convulsions, (an involuntary 
contraction of the involuntary muscles of the body), delirium, (insanity or disorder in mind), coma and generel nervousness. 
Sang (1922) found that toxins produced by Ascaris cause interference with the digestion of proteins. 

THERAPY 

Several drugs like Santonin, Antepar, Chenopodium and Hexylresorcinol are used effectively under physician’s directions. 
A mixture of oil of chenopdium terrachlorothylene is usually successfully used. Lamson discovered that hyxylresorcinol is also 
very effective particularly when given as crystoids (in gelatin capsules) with fasting for 12 hours before treatment and 4 hours 
afterwards followed by sodium sulphate for removal of deal worms. 

Hetrazan syrup is also very effective and nontoxic especially for children. Piperazine hydrate, Alcopar and Banocida are 
also recommended by several workersas antihelmintbes. 

PREVENTION 

Adequate sanitation plus education should prevent ascariasis. Lack of adequate fertilizer in many parts of the undeveloped 
world means that night soil must be used to fertilize crops. Due to the resistance of Ascaris eggs to standard disinfectants, the 
situation would appear to be hopeless. There is a realistic solution. 77urasu/(1961) reported that aqueous solution containing 
120 ppm free iodine killed Ascaris lumbricoides eggs within 5 min or less and did not effect the flavour of leafy vegetables. 

One of the problems in control is preventing children from ingesting eggs with contaminated soil. Given the habits of children 
throughout the world, including dirt eating, playing in contaminated soil and then placing their fingers in their mouths, ascariasis 
will unfortunately be with us until adequate sanitation is accomplished. 
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No group of the nematodes causes more injury to man or greater economic loss through attacks on h * 
then the members of the order Strongyloidea. the great majority of which are parasites of mammals. Many are blood suckers and 
cause severe injury to their hosts by loss of blood sucked by them or wasted from hemorrhages, the result is anemia. 


SYSTEMATIC POSITION 


Phylum 

Class 

Order 

Genus 


Aschelminlhes 

Nemaloda 

Strongyloidea 

Ancylostoma 


DISTRIBUTION 

Human hookworm is endemic in warm, wet climates, but each species has some limitation on its distribution. 

Ancylosioma duodenale is the common bookwork of man in tropical, subtropical and temperate regions of Asia, Africa, 
Pacific islands and South America. The other important human bookwork is Necator americanus, more common In the United 
Sutes. Some other species of Ancylosioma, namely. A. caninum and A. brazUiense, both in dogs and cats, and A. malayanum in 
bear, arc also common. 


HABITS 

A. duodenale is the principle hookworm that infect humans. Following early morning, they are found in the small intestine 
lumen. Hookworms sometimes mature in abnormal hosts, and hosts other than man can be infected with human hookworms. 


MORPHOLOGY 

The name ‘hookworm’, is rather misleading because there b absence of books. The anterior hook-like bend probably b 
responsible for the common name, bookworm. 

Shape and Sire. The sexes separate. It is a cylindrical worm and wbitbh or grey in colour. The females are longer than 
males measuring 10-13 mm. in length and 0.6 mm. in width. The males measures 8-11 mm. in length and 0.45 mm. in width. 

Buccal capsule. The anterior end of male and female is simUar, somewhat narrower and curved donally It bears a large 
cup-shaped buccal capsule for attachment to the intestinal wall. The buccal capsule has two chuusomplates, bearing teeth. The 
teeth make a tiny cut in the intestinal wall of the host and hook-worm sucks blood by the suckir^on oTih^rof 

, fSSSiT* P ““ ri0 ' 0f ,,DU, ' b SOm ' Wh *' “*'• h *. r«m Of . cow .„d 

into a minute spine. 

The posterior end of male is+road and with an umbrella-like 
rays of definite arrangement • 


called bursa. The buna b supported by Oeshy bursal 


DIGESTIVE SYSTEM 
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The digestive system is a straight tube comprising mouth, 
buccal capsule, pharynx, intestine, rectum and anus. 

The pharynx has triradiate lumen lined with in turned 
cuticle and a wall composed of strong radiating muscle fibres 
extends posteriorly from the buccal capsule about 1/6 the body- 
length. The posterior region of pharynx is slightly dilated and 
embedded in its wall are three pharyngeal glands. One is median 
dorsal in position and a pair located subventrally. These glands 
open into the pharynx near the nerve ring. An intestine begins 
immediately behind the triradiate pharyngeal valve and 
proceeds as a straight tube to a short rectum. It is composed of 
a single layer of columnar cells. In the inlestivc the blood of host 
and other tissues arc digested. 

Musculature. The somatic muscles consists of a single 
layer of cells underlying a bypodermis and arranged into four 
longitudinal groups. These four groups are interrupted by four 
longitudinal quadratal chords located on the dorsoventral and 
lateral axes. Because muscle cells arc limited to two in each 
sectioned quadrant, the worms are called meromyarial. The 
almost complete lack of transverse muscle cells. 

EXCRETORY SYSTEM 

The excretory system is rather complicated. Flame cells are 
absent in nematodes. The excretory system, consists of two 
canals embedded in the lateral chords and an isthums in the 
pharyngeal region. Surrounding or adjacent to the inslhums, are 
other excretory structures including an excretory sinus into 
which tributaries from the lateral canals open and from which 
ventrally is given off a short, cuticulate. terminal duct. The duct 
opens at a ventral excretory pore. From the excretory sinus two 
large, subventral glands of uncertain function arise posteriorly. 
The tributory canals emerge from subventral glands and 
penetrate the lateral chords where they join the lateral canals. 
These lateral canals extend from the region of buccal capsule to 
the posterior end of the body where they end blindly. 
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NERVOUS SYSTEM 

Encircling the pharynx, in front of the excretory pore, is a nerve ring. 
From a large ganglion located on the ventral portion of the nerve nng, a 
larvae nerve runs in the ventral chord to the posterior end. and anaUm 
run in the lateral chords anteriorly and posteriorly. Four small nerve nin 
forward from the ring to supply anterior end. These tttatn nerve trunks 
connected in a complicated fashion by nerve comrmssures. 
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Thc male and female reproductive system are as follows: 
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Male Reproductive System. The tubular testis occupies the middle third of the body. It begins at the junction of the middle 
and posterior body thirds and runs in a random fashion to the middle of the body, from which point forward it coils loosely about 
the intestine. It leads posteriorly into vas deferens followed by seminal vesicle. Seminal vesicle which connects posteriorly to 
an ejaculatory duct leading directly to the cloaca. The ejaculatory duct, through most of its course, lies between two large, 
multicellular cement glands whose secretion apparently serves as an adhesive material bolding the pair of worms together at 
copulation. 


The posterior end of male bears a wide bursa, two copulalory spicules and a gobemaculum. The bursa is a long. wide, 
bilaterally symmetrical structure, with supporting, paired, fleshy rays having a specific distribution. The two spicules arc long 
and slender. Each measures 2000 pm. They are protruded and retracted by special muscles and help in the transport of sperms 
to the valva of female. The gubemaculum is a bard piece present on the dorsal wall of cloaca. It is said to be used to guide the 
spicules. 

Female Reproductive System. Two much convoluted orarian tubules, one anterior and other posterior to the level of 
gonopore are present. From the ends of the ovaries, nearest the vulva, short, nanow oviducts carey the ova into wider seminal 
receptacles where fertilization occur. From each seminal receptacle arises a muscular uterus that terminate into vagina. Two 
vaginae join and then open to the surface at the vulva. 


LIFECYCLE 


Copulation and fertilization. Fertilization is internal and during copulation the bursa of male is applied on the vulva of 
female. The female Ancylostoma lays about 20,000 eggs per day. The egg is about 60 x 30 p. These arc passed along the host 
faeces at four-celled stage and do not develop further until exposed to air. Under favourable conditions the embryo hatches out 


of the egg in less 24 hours in the faeces contained in the mud. 

Larval development Under favourable conditions of mois¬ 
ture, oxygen supply and temperature (68-85*F) the embryo 
develops and batched as larva. 

The hatched larva is the first larval stage or the fist 'rhab- 
diiiform larva'. It has mouth, pharynx and a simple intestine. It 
feeds on bacteria and organic debris in the faeces and grows 
rapidly. At the end of 2nd day it undergoes first moult and changes 
into second stage larva (or the strongyliform larva). At about 5th 
day it undergoes second moult to become filariform-juitnUe. This 
is the infective non-feeding stage. The skin of the second stage 
larva is retained as a protective sbeat. The larvae live in the upper 
half inch of soil. 
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Infection. The third stage or the filariform juvenile represents the infective stage. It may remain alive in the moist soil for 
nearly four months w.thout feeding. When a man walks bare-footed on the infested soil, the larva penetrates the skin. Infection 
can also occur by ingestion of infective juvenile in food or drink. 

Larval Migration. Within 24 hours of infection, the larvae reach the hln<vl.wr<crU f,a„ , . _ 

right ventricle of the heart and then * the lungs. From lungs a.e^.e .^^e^chea ^ tZ 7 T s ** ** 
are swallowed through oesphegus and finally reach to the small intestine. In the ileum they become aturhLTih " phary ™ * ey 

Pathogenecity. Hookworm is the most pathogenic parasite of man. 

1. In skin. The penetrating larva causes 'ground itching' or 'water sore' w 

„ f ^ water sore characterised by itching the inflammation of skin. 

1 n " g, " 0r, """ Wh “ h ■“* tao-ntag. »d bronchial p ncumonilis 

3. In intestate. Adults in the intestine produce stomach pain abdomin.l - 

pain, abdominal discomfort, nausea, food fermentation, diarrhoea. But 
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the principal effect are due to anaemia, resulting from constant sucking of blood. It leads to palpitation of heart, eosinophilu 
and sucking of blood and even collapse. Hookworm infection in children causes retarded mental and physical growth and 
sometimes to dizziness, insomnia, optical illusions, general nervousness and fidgety movements. 

TREATMENT 

A number of highly effective antibclmintics are available for use in humans, including piperazine, bengimidazdes, thymol, 
carbon tetrachloride and Hcxlyresorcinal. 

EPIDEMIOLOGY AND CONTROL . 

Transmission of hookworms in the human population is dependent on a combination of following biological and climatic 
factors and human culture. 

1. Egg production of female worms. 

2. Longevity of adult worms. 

3. Development and survival of the free-living stales as related to weather and climate. 

4. Immunity of the definitive hosts. 

5. Nutritional level of human population. 

6 . Technological and economic level of the area. 

A total campaign against hookworm disease involves: 

1. Mass chacmoihrraphy. 

2. Samitary disposal of human waste. 

3. Wearing shoes. 

4. Administration of ions salts. 

5. Ensuring adequate dietary protein. 


38 


WUCHERER1A (= FILARIA) BANCROFTI 


The pansite gained Importance tftef M*** 0 *"* WirU 

Hanson (1887) studied die life-cycle of die 19 ^J ^“.cccuoU of the .dult .tmcture. The Importance of Ibb 

^i^^r^rbyTL fi in.em.ii-u, -necU wete bell i. .« .9*0, to dbcuu the epideotlo.ogy, 
pathology and control of this worm. 

«JVSTF.MATIC POSITION 


Phylum 

Aschelminthes 

Gass 

- Nemaloda 

Sub-class 

Phasrmdea 

Order 

. FQaroidea 

Genus 

Filaria 

Species 

- bancrofii 


DISTRIBUTION 


Wtota, me most importint bum .0 filarial (»mKe, b widely distributed lo . dopial >ud .ubttopicri f ^ 

But the umalte is not evenly distributed or unlforaUy prtvslcnt throughout .ny country. It occurs .Imost entirely in coaaul am. 
and blinds where there b . falriy long hot acajou with high humidity. In Africa found on 
the Mediterranean and east and west coastal areas but not in the interior of Cental Afnca. 

In Asia tt is prevalent on the coasts of Arabia. India, Malaya, Formosa, and north to China 
and the southern part of Korea and Japan. It is prevalent in practically all the East Indian 
and South Pacific Island. 


HABITS 

It b a digenuc parasite Le. its life-cycle a completed in two hosts. The definitive host 
in man where it lives in the lymphatic system. The intermediate hast is mosquito (Culex, 
Aedes and Anophites). 

MORPHOLOGY 

The adult worms are found in the lymphatic vessels and lymph nodes of man only. 

Adult worms are hair like, transparent nematodes often creamy white in colour. They 
are filiform and both ends are tapering. The posterior cad terminates in a slightly rounded 
swelling. The male is about 40 mm, fat length while thickness is about 0.1 mm. The posterior 
end of the male is carved ventrally and has two spicalcs of unequal length. Female measures 
65-100 mm, in length and its thickness is about 0.2 to 03 mm. The taO end of the female 
is narrow unbent and abruptly pointed. Although females, liberate active embryos yet they 
art really ovo-viviparau Le., by eggs with well developed embryos. Males and females 
usually remain coiled and can only be separated with great difficulty. Females are more in 
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number thin males. The life span of the adult worm is about 4-5 
years. 

LIFE-CYCLE 

Copulation takes place when individuals of both the sexes are 
present in the same lymph node. Female, releases numerous 
(about 1 , 000 ) first stage larvae or jureinulc called microfilariae. 
These larvae are surrounded by delicate membranes or sheaths 
and measure 225-300 mp long and 10 mp in diameter. When 
living they are colourless and transparent and may or may not be 
surrounded by sheaths. In order to identify them they are usually 
stained. The body will then be found to contain a column of nudei, 
broken in definite places. The peripheral ones arc a nerve ring 
anteriorly, an excretory pore or *V spot, an excretory call some¬ 
what further back, a few genital cells posteriorly and an and pore. 
The tail is devoid of nuclei. 



The micTofilairae appear in the peripheral circulation chiefly 
between 10 P.M. and 4 A.M. There has been much speculation 
and experiment to determine the reason for this 
periodicity. According to one view, the larvae are 
concentrated in internal organs such as lungs 
(Smyth, 1976) during day lime, but they circulate 
in the blood at night for the transmission to the 
mosquitoes. Another view holds that embryos are 
bom at a certain time each day and are then 
destroyed in the host within ext 24 hours. Accord¬ 
ing to Manson-Bnhrand Muggleton, the nocturnal 
periodicity of microfilariae in peripheral blood of 
man is an adaptation to maintain a tryst with the 
night biting species of mosquito. 


Fig 38 2 Wmchtrtna. 


Urge cell* 

MicioflUria. 



microfilaria among red 
blood cell* in human 
capillary 



larva in mu*clc*of 
moaquiio 


from nxaqurto proboaot 



dur»Muto 


Fig. 38 3 Wuchereno. Stages ia the life-cycle. 


The further development of the microfilariae 
depend on their being sucked with blood by certain 
species of mosquitoes. In order to infect 
mosquitoes there must be about 15 or more 
microfilariae per drop of blood, a high concentra¬ 
tion of 100 or more per drop of blood is fatal to mosquitoes. 

Shortly after being digested by a mosquito the microfilariae penetrate through the stomach wall and 
muscles. Here the embryos lie length wise between the muscle fibres. The size of body is reduced to half its ong 
but grows several times as thick. It now changes into a sausage-shaped creature. 

The sausage shaped larva measures I-5-2-0 mm. in length and 20-30 mp in diamclet.Aitbeae t jungeaj^ 
moults iwice and become infective. The formation of the infective sUge takes about «M 4 day, andlo ccuta bn 
relative humidity 90%. Digestive system, body cavity and gedtal nag.-, .Uobe ccmc wel l *veral 

larva. This infective stage reaches into the head of moaquito and finally Inu> the P^o^on.bom ^ 

larvae, .oiled up in mosquito ready for Infection in man. The complete development of microfilaria In the moaqut 

days. . 

Infection nnd adult stage In man. When the Infected mojito L 

pairs, on skin near the site of puncture. Later on the larvae enter through the The larva grow, 

they reach the lymphatic vessels and settle down at same spot, l.e. inguinal, scrotal or abdominal y p 
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into adult. After a period of 5-18 months, larvae become sexually mature and start new generation of microfilariae. 


PATHOGENIC EFFECT 

The pathogenic effect oi Filaria produced by the adult Filaria either living or dead. When microfilariae are circulating in 
the blood, no pathogenic effects arc produced. TTte adult worm causes an inflamatory reaction of the lymphatic systemor 
lymphangitis. The melabolities of the growing larvae cause allergic manifestations such as urticaria, figutive awel lings l.e., faiaeo, 
painful, tender red areas of the skin at extremities and lymphoedema. 

The cause of lymphangitis are mechanical irrigation, liberation of metabolites, absorption of toxic products, and bacterial 
infection. Later when lymphetics passage are severely blocked by the adult and microfilariae elephantiasis results. 


TREATMENT 


Drugs for filaricidal reactions can be grouped into 3 main groups: 

(1) on adult worms-Mel w. an arsenical preparation. 

(2) on microfilariae-Diethycarbamazine (Hetrazan). 

(3) on infective larvae and immature adult worm-para-melaminyl-phenylstibonale (MSb). 

PROPHYLAXIS 


It includes: 

1. Killing the adult intermediate host Le. mosquitoes. 

2. Use of selected insecticides to kill the adult and larval stages of mosquito. 

3. Use of wire netting at door and windows of human dwellings to prevent the entry of mosquitoes. 

4. Administration of diethylcaibamagine (DEC) mixed in common salt has shown encouraging results. 


Larva injected 
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PARASITISM AND PARASITIC ADAPTATIONS 


Parasitism is such an association between two animals of the same or different species in which one lives on or inside 
(parasite) the body of the other (host) receiving nourishment and shelter without any compensation for the host. Therefore, in 
this association the parasite is benefited and the host is harmed. 

ORIGIN AND EVOLUTION OF PARASITISM 


Parasitism is a secondary mode of life and has arisen from pre-living condition. Parasites living inside the bodies of their 
hosts (endoparasites) are the most successful ones. Between the endoparasitic life and free-living life, intermediate stages are 
not uncommon, proving that parasitism did not evolve all of a sudden but followed a series of steps in succession. 

Living together or symbiosis started when smaller animals occasionally taking shelter temporarily on the body of some 
larger form. When this temporary shelter was repeatedly used, the association of two organisms become more intimate and the 
small organism got not only the shelter but also free transport and nourishment in the form of bits from the host,vithoii 
interferring with the activities of the host or Injuring iL Such a simple symbiosis is known as commensalism and the benefactor 
is called a commensal. 


SUII later. the commensal started living wilbin Ihe body of the host without doing .ny hum to the host Thai • 
may be ftrsUy an e ctocommensa / and later an endocommensal. Symbiosis sometimes proves beneficial to the host Ttm oou. 
the organisms benefit!ing each other mutually the host becomes so dependent upon the commensal that it cannot get along wiuou 
it This kind of association is called mutualism. 

Commensalism usually evolves not in the direction of mutualism but towards a deeper 
commensal that at first takes shelter, then bits of food and finally starts to feed on body ussuea of the host so that the latter 

to suffer with some harm. 


DIFFERENT TYPES OF PARASITISM 


The parasitism can be classified into following categories: 

Accidental. When a free living animal accidently reaches inside the body of the host then H lead, a parasitic life t« — 
time. 

2. Facultative. When the animal can live both as parnitk or free-living, they are known as facultative parasites. 

3. Obligatory. These animals can not lead a free life, therefore, they need a suitable host for them. The obligatory p. 
is of different types: 

(a) Ecloparasilism. The animal lives on the external surface of the body of the host. 

(b) Endoparasitism. The animal lives inside me body of the host in various organs and systems. 


EFFECT OF PARASITISM UPON THE PARASITE 

Changes from a free-living condition to a parasitic life ^ 110 

of life certain new structures are developed due to new environmental requirements similarly 
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use for new .nvironm.nt, .re lost. All such change. .re included wltb effect on parasitism on the p.r,sitc. Th. helminth, .re 
modified morphologically as well .s physiologically to live in their particular envtronment. 

I. Morphological Adaptations. 

II. Physiological Adaptations. 

I. Morphological Adaptations 

These are of two types (i) Structure which are partially or wholly lost (ii) Structures which have developed a fresh. 
Degenerations 

1. Organs of locomotion. Locomotion is actually an effort for procuring food. But parasites habitually Inhabits such places in 
the host’s body, where sufficient food is available without effort. Thus, the organs of locomotion, such as the cilia of 
free-living turbellarians. are absent in the parasitic forms. It is interesting to note that the locomotory organs are duly present 
in free-living larvae of parasitic forms; the miracidium possesses cilia and the cercaria possesses a tail for locomotion. 

2. Organs of nutrition. Food of the parasite comprises the readily available digestedorsemidigested food of the host. Therefore, 
there is a reduction in trophic organs. In trematodes, there is an Incomplete gut and in most of them, suctorial pharynx is 
present In cestodes, the mouth and alimentary canal are lacking because digested food is readily available In the gut of the 
host. 

3. Nervous System. Living safely in a more or less stable environments, parasites do not need a complex nervous system. 

4. Sense Organs. Progressive parasitism is accomplished by the loss of sense organs. The sense organs, necessary for quick 
and efficient response to the stimuli, are associated with the free aciive life. In the host the environment Is more or less 
uniform and so the sense organs are not essential. Hence they are reduced. The endoparasites are generally provided with 
tangoreceptors. 

Neoformations 

1. Protective covering. There arc no epidermal cells in the adult. Instead of which the body is covered by a several-la ye red 
thick cuticle which protects the parasite from the juices of the host. 

The outer surface of the cuticle is formed of a fibrous protein called keratin. The cuticle may provide with scales. 

2. Organs of attachment. For a firm grip on or in the host’s body, some special organs of adhesion are necessary. The flatworms, 
for this purpose, are variously armed with suckers, hooks and spines. The suckers themselves may be with or without hooks 
and spines. 

3. Organs for penetration. The parasites must penetrate the host’s body for entering it. So the parasites develop certain structures 
for penetration. Miracidium larva has a conical process at the anterior end called apical papilla. There are a pair of penetration 
glands inside the body near the anterior end. 


5. 


IL Physiological adaptations. 

'• •* f * <■•»> ft. P-mi* prot.es itself from ft. .don of digest^ juice of ft. 

The tapeworms accomplish this (a) by stimulating the walk of the 


Suctoricalpharynx. All the endoparasites except cestodes have a suctorial pharynx by means of which liquid food is sucked 
into the intestine. Intestine is always branched. 

** l^kly developed and lb. production of eggs is prolific. The parasitic flatworms lie hermaphrodite. 
In erodes ft. raprodudv. organa are much more labor... and ar. repeated in rad, proglottid. Each mature pVoglottid 
possesses on. set (Tcenu, stlhum) or two sets (Drp/ryM,,™) „f m ,|. lnd fcmilc re oduclr , t J h T„ vid 


gut to secrete mucus, which then forms a protective 
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cl othing around the parasite, (b) by secreting antienzymes to neutralize the digestive enzymes of the host, and (c) by probably 
continually renewing their protective body covering Le ., tegument Lime cells in the body wall of tapeworms wtnlize the adds 
produced by the host Blood parasites are known to withstand the effect of antibodies and phagocytes of blood by some 
mechanism. 

2. Osmoregulation. The osmotic pressure of body-duid of endoparasites. especially in case of trematodes, is almost the same 
as that of the host so that there is no necessity of osmoregulation. But in the intestinal tapeworms, the osmotic pressure is 
slightly higher than that of surrounding medium. This permits absorption of nourishment through their general body surface 
from the surrounding medium. 

3. Anaerobe is. The pH tolerance of the parasite is high from 4-tl.Tbe intestinal parasites live in an environment completely 
devoid of oxygen. The respiration is of the anaerobic type consisting of extracting oxygen from the food stuffs. In the absent 
of oxygen energy is obtained by the fermentation of glycogen in which glucose in broken into lactic acid. 

4. Periodic appearance. There are some parasite which appears at definite period. The larvae of Wuchereriatencrofitcuw\i\t 
into the peripheral blood circulation in the night between 10 P.M. to 4 A.M. for further development they requfre Culex 
mosquitoes. The Culex bites a man at night Le. nocturnal in habit Their migration is correlated with the nocturnal habit of 

Culex. 

5. Neoteny. It is a special phenomenon in which the larvae are capable of reproduction and they produce young ones. Ligula 
(Cestoda) exhibit neoteny and this can be considered an adaptation for parasitic mode of life. 

6. High fertility. Parasites develop enormous fertility, producing millions of fertile eggs. This is correlated with the putot 
Transference of the infective stages of the parasites from ohe host into.nother. While passingthre^^am^MWe^*; 
these potential offsprings face several hazards as. result of which a very small percentage of the total 

adulthood. For ex.^lfin Fasciola, if the eggs fall in water, if the first larva (miraddhim) finds - i«UttWe snaU witWn^ 
limited period, if the cercari. encyst, on vegetation within the reach of final host and ,f the ***% for 

by the proper final host, only then the life-cyde is completed. Not only this, the larval stages 

example sporocyst produces a number of rediae. A single redi. produces a number of cercan. torv£ StadaHy^e 

hexacanth may multiply by generating buds which produce daughter and grand daughter scolices (by 

cus). 

7. Transferance of eggs or infective stages. This is another major problem for which .be parasites have to develop adaptations. 
Transference from one host to another is either: 

(i) Actlve transfer.This Is . less common melted. The infetive stages me ^ 
of most parasites bore directly through the skin of their host such as the larvae of bookworms and sebtstosomes. 

(ii) Passive transfer. This is the most commoni method and L’nThwt uto u^’ked food 

SSSSSS! inoculate parasite* when they suck the blood of hosts. 

EFFECT OF PARASITISM ON THE HOST 

Although a given host may be immune to a ^Uona of ttetoj 

to recognize that the establishment of a parasite mi host also in __ ^une responses of a humoral 


to m^Stotte establishment of a -rasite in ,thos, .Uo^volve ^^^^^pemmof. hmjmre. 
that might be deleterious. These host reacuons would onmune system in higher vertebrates 

character. Both types of host reaction occur m most P*" 511 ' 5 ™ liver, lymph nodes and thymus. There as afro a 

is composed of several tissue components. These mesenchyme cells. Some of these 

system of mobile phagocytic cells, ongmating mainly in the ^ into ** fluid. These globulins may combme 

cells have the ability to elaborate antibodies, which may be peculiar organisms or their products and produce 

with parasitic organisms or then ofVorms; ^ infection no 

t neaiioned __ 
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for intracellular parasites. 

There are other types of host response that cannot be dearly recognized as immune in characters. For example. ^ Ranges 
in the faQy acids found in the alimentary canal of animals infected with the tapeworm. Hymcnolepis, or the marked modification 
of the amino acid composition of bile in sheeps harboring Fasciola hcpatica are obviously host response* to the practice of 
parasites concerned. It would be of great interest to determine whether such response are beneficial to the parasites, to the host 
or to neither. 
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CHARACTERS & CLASSIFICATION OF ANNELIDA 

All the invertebrate ..lintels, who possessed . soft-body, usually b«raring . general resemblrn.ee to the common■ «^“onn 

^af^choin^erOnchfderOafworms^N^^ilhcUrnnth^Trou^^o^^^^^^^^^^**' 1 wofras ^ Lamarck give 
the n«me Annelid* (ring worms) to the higher segmented worms. 

Term Annelid* is derived from two words one is Lalin (annulus - * ring) *nd * Greek (eidos = form). 

Annelids are typical .m„ra,s th.tburrow or 

microscopic particulate m.ne. brought in by ciliated lenucles ot entrapped u. sheets of mucus. 

Characters: 

1. Annelids *re bilaterally symmetrical with elongste vermiform body. 

2. The body is meormcnc.ly segmented .nd ringed ■ppe.ra^wHh “ Ul ' ^ 

body is composed of segments which are usually of similar structure internally as well as externally 

3. Presence ofcu.ic.es secreted b, the underlying epidermis conuining unicellular gl.nd cell, .nd sensory ^ 

4. Appendages unjointed and .re minute, rod-like. chitonous seue. few to m.ny per somite generally absent m H 

5. Body wall consists of layers of circul.r and longitudinal muscles. hm coelom is 

reduced in Hirudinaria. 

7. The digestive Use, complete, tube like, extending entire length of body from mouth to anus _ 
g. A Cosed circulatory system of longitudinal blood vessels with lateral branches ,n each somtte, blood p.as 
• dissolved haemoglobin and free amoebocytes. 

9. Respiration by epidennis. by gills in some tube sram diredy to the exterior. 

10. Exaction by segmenu. paired nephridia. each removrngw. ms fr m the coe wittl u.e 

Nervous system with ventral nerve cord composed of paimd gang.,, a. segmental rnterv 

dorsal "brain'’ by a pair of circumpbaryngeal connectives. 

,2. Sensory organs in the form of sensory ce,U. organs fo, much, taste ' 

13. In few the sexes am separate, while m others sexes « “ ni ™ ^ br «ding season. In some fonns gonads are 

14. Gonads may be simple structure as rn JVerers. where !h y 
well developed. 
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15. Cleavage is spiral and determinate. 

16. Development direct or indirect through a larval stage, the trochophore. 

17. Process of regeneration b common. 

Class -1. Polychaeta 
Gass - n. Oligochaeta 
Gass-III. Hirudina 
Gass - IV. Arcbiannelida. 


Class. I. Polychaeta 

(Gr. poly * many; chaete = bristles) 

1. These are marine and carnivorous annelids. 

2. Body usually elongated, cylindrical and distinctly segmented into numerous similar metamerts. 

3. Head consols of prostomium and peristormium and bean eyes, tentacles, cirri and palps. 

4. Setae are numerous and are borne up on leteral prominences of the body wall known as parapodia. 

5. Gitellum is absent 

6 . Parapodia highly vascular and respiratory in function. 

7. Coelom is specious usually divided by intersegments! septa. 

8. The blood vascular system is well-developed and docs not communicate with coelom. 

9. Alimentary canal is provided with an eversible buccal region and protnoible pharynx. 

10. Sexes are separate. Gonads are simple and developed by active proliferation of coelomic epithelium. 

11. Fertilization external, free-swimming trochophore larva. 

11 Asexual reproduction by lateral budding. 

Gass Polychaeta is divided in two orders: 

Order (0 Errenda 

1. Free swimming, often pelagic while some are tubicolous Give in tubes). 

1 All segments are similar except head and regions. 

3. Parapodia provided with cirri, are equally developed throughout These are organs of locomotion. 

4. The head is usually definite which bears eyes, tentacles and cirri. 

5. Pharynx is usually prolrusible and armed with cfaitinous jaws and teeth. 

6. Gitellum absent 

7. The branchiae or gills are present but not restricted to anterior end of body. 

Examples: Aphrodite, Polynoe, Nereis, Glycera, Eiuiine, Syllis. 
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Order (K) Sedentaria 

1. Sedentary in habit Burrowing and tube dwelling. 

2. Body b distinguished into two or three regions due to differences in shape of segments; panpodia and setae. 

3. Head is small or much modified, without eyes and tentacles, prostomium indistinct 

4. Gills are situated only in the anterior part of the body, when present 

5. Pharynx is non-protrusible devoid of jaws or teeth. Feeding on plankton or organic detritus. 

6. The panpodia are peculiar which are confined in the posterior region of body and without cirri. 

Examples: Chaetopterus, Sabella, Arenicola, Terebella, Amphitrite, Serpula, Spirobis. 

Class. II. Ollgochaeta 

(L., oligos = few; chaete • bristles) 

1. Mostly terrestrial, some live fresh-water. 

2. Body with conspicuous external and internal segmentation. 

3. Head not dbtinc*, prostomium b usually small, without eyes and tentacles. 

4. Panpodia and cirri are absent Setae are usually amnged segraentally. 

5. Gitellum usually present 

6. Pharynx is not protrusible and without jaws. 

7. Hermaphrodite i.e. bisexual. Gonads are complicated. Overies and testes are compact structures. 

8. Development direct without larval stage. 

Class Oligochaeta b divided in two orders: 

Order (i) Archioligochaeta 

1. Mostly fresh water forms. 

2. Body has few segments. Setae presenL 

3. Gizzard is either absent or poorly developed. 

4. Simple clitellum, consuls of single layer of cells situated for forwards. 

5. Eye spots are usually presenL 

6. Reproduction is both asexual and sexual. 

7. Male reproductive openings lie in front of female reproductive openings. 

Examples: Tubifex, Actosoma. 

Order (U) Neooligochaeta 

1. Mostly terrestrial forms found in moist soil. 

2. Body is large with many segments. 

3. Setae are amnged in lumbricine manner. 

4. Well developed gizzard. 

5. Clitellum after 12th segment and b composed of two or more layers of cells. 
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6. Female genital apertures before male genital pore and usually lie in 14lb segment 

7. - Eye spots are developed. 

8 . Reproduction sexual only. 

9. No free larval stage. 

Examples: Pheretima, Lumbricus, Megascolex, Eutypheus. 

Class ID. Hlrudlnea 

|. They ire mirine. .quirk. lentttU or free living. Some lie «wp.iwllic .nd blood-sudring inneliH. 

2. Body is segmented and is marked externally by ring-like annuli. 

3. Presence of interior ind posteno, cup-ibiped suckers which ire the orgins of idhesion .nd locomotion. 

4. The ventral mouth lies In the cup-sh.ped hollow civit, of manor sucker. The inus is dors.I ind siluikd just ibove the 
posterior sucker. 

5. The coelom is greltly reduced due to the presence of connective tissue ind is represented by hiemocoelomic llnuiei. 

6. The true blood vessels with definite muscular walls present 

7. The nervous system includes a brain united by small oesophageal connectives to a double gangllonated ventral nerve cord. 

8. Nephridia are segmentally arranged and open independently to exterior by oephridiopore. which are the organs of excretion. 

9. Hermaphrodite, the testes are many and segmentally arranged, whereas ovary is single paired. Eggs are laid in cocoons, 

10. Fertilization internal, development direct without larval stage. 

Gass Hirudinea is divided into following orders: 

Order (i) Acanthobdellida 

1. Mostly ectoparasite on the fin of salmon fishes. 

2. Anterior sucker wanting, posterior sucker well formed. 

3. Proboscis is small and not well developed. 

4. Nephridia without internal openings. 

5. Body generally composed of twenty or twenty-one segments. 

6. It forms a connecting link between Oligochacla and Hirudinea. 

Example: AcanthobdePa. 

Order (u) RhynchobdeUa 

1. Aquatic leeches, parasite on snails, frogs and fishes. 

2. The anterior part of body may be protruded and retracted so as to form a proboscis or introvert Jaws are absent 

3. Each typical body segment consist of 3,6 or 12 rings. 

4. The mouth is minute slit-like opening placed inside the anterior sucker. 

5. Blood is colourless. Coelom is reduced to sinuses without botryoidal tissues. 

Examples: BrandieUion, Glossiphonia, PoniobdeUa, Piscicola. 
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Order (iii) GnalhobdeUa 

1. Fresh water *nd terrestrial forms. Ectoparasites and blood sucking. 

2. Each typical segment consists of five rings or annuli. 

3. Anterior sucker has three jaws, one median dorsal and two ventro-lateral. 

4. Proboscis non-protrusible or absent 

5. Blood is red in colour. 

6 . Coelom is reduced. Bofryoidal tbsue present 
Examples: Hirudo, Hirudinaria, Haemopis, Aelostoma. 

Order (iv) Pharyngobdella 

1 . Freshwater amphibious carnivorous leeches. 

1 Each body segment is divided into five rings or annuli. 

3. Pharynx non-protrusible. Jaws are absent 
Examples: Dina, Erpobdella, Troclieta. 


Class. IV ArchUnnelida 

1 . Thb group represents the primitive members of Annelida. 


2. Mostly marine worms. 

3. Body is elongated; cylindrical with internal segmentation. 

4. The head b distinct bearing the tentacles, eyes and ciliated pH. 

5. Parapodia are wanting. 

6 . Hermaphrodite o,un.cu.hgon.ds„csintp...nddeveloptempo™,iiyonlyduringb,cedingse.sonby.crivcp,o„f en «on 
of colomic epithelium. 

About 45 species, one d«en genets included in Uris d,ss. Tb. dsss is divided into five fstnilies. 


(i) Polygordidae e g. Polygordius, Protannehs. 

(ii) Protodrilidac e.g. Protodrilus. 

(iii) Saccocirridac e.g. Saccocirus. 

(iv) Dinophilidae e.g. Dinophihis, Dir.rodrilus. Trilcbodrihts. 

(v) Nerillidae e.g. Nerilla. Nerillidium, Troglochaeuis. 


POI.YNOE 

Phylum 

Class 

Order 

Genues 


Annelida 

Polychaeta 

Errantia 

Polynoe 


1 . 1 . is a biolutnincsccnt polycbael fou.nl under stones in sc. 


-water near tide mark. 


everted pharyn> 
or pcoboiia 
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2. It is found in U.SA. (South Carolina to Massachusetts) and Europe- 

3. Body is short, brt»d sod ov.l wiU, few segment. Body shows coo.lder.bie degree of dorscvenf.1 compassion. 

4 It h.s . covaing of elyU. which .re modified do«i art. Byu> do no. eoncin .nd h.ve rid, nerve supply. 

3. Elytra are bioluminesceni snd the illumins-ing elyri. sre «s, off when dnbubed or.lytr. .re shed-off to deceive U,« enemy. 

6. Head bears three tentacles and two pairs of peristomial cirri. 

7. Pharynx is prolrusible. 

8. It is carnivorous and may even eat each other (cannibalism). 

9. Fertilized eggs and resulting embryos adhere in masses to the dorsal surface 
under the shelter of elytra. 

EUNICE 

The classification is same as that of Polynoe. 

1. It is lube-dwelling marine polycbacte found among the coral reefs at sea-bot¬ 
tom. 

2. It is found in Atlantic and Pacific oceans. West Indies and Fiji Islands. 

3. It is commonly known as •palolo-worm’. 

4. Body elongated with numerous segments. Proslomium consists of two segments The Nctfk paloto wood. Eumt, *>»«§*. 

with one pair of cirri, five tentacles and a large palp. 

5. Gills begin usually on 6th segment 

6. Body yellowish or brownish and differentiated into anterior sexless atoke and posterior sexual epiloke regions. Epltoke 
projects from the tube and gets separated from atoke, and come to the surface, swim vigorously and finally discharge the _ 
gonads. The empty epiloke sinks to the bonom after swarming. 

7. Fertilized eggs develop into a larval form. 



SYLLIS 


The classification is the same as that of 
Polynoe. 

1. Syllis is a pelagic, marine polycheaL 

2. Syllis is common in U.S.A., Woods Hole 
regions, Long Island. Sound to Bay of Fundy. 

3. Small elongated worms, kss than an inch in 
length. 

4. Head small with proslomium and peris- 
tomium. 

5. Proslomium with eyes, three tentacles and 
two fused palps. 

6. Peristomium carries two pairs of cirri, ten¬ 
tacles and cirri are fused. 

7. Each segment of the body carries a pair of 
para podia. 



Fig. 40-3 Sjtns. 
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8 . Para podia without notopodium, represented by long jointed notopodial cirrus. 


9. Neuropodium with setae and cimis. 

10 . The pharynx has a single large tooth provided with a poison gland opening near its apex. 

11. A muscular proventriculus generally present 

12. Asexual reproduction by lateral branching, fission and gemmation is common. 

13. Sexual reproduction with alternation of generations. 

14. The sexual forms develop from ovum and asexual forms develop by process of posterior 
constriction and proliferation. 

15. The sexual forms detached from the colony and help in dipcnal of the species. 

GLYCERA 

The classification is the same as that of Polynoe. 

1. It is a marine polycbaet living in a cylindrical burrow which is made by the proboscis in the 
sand. mud. in shallow water. 

2. It is found in U.S.A., North Carolina to Bay of Fundy and South Carolina to Cape Cod. 

3. The body of Glycera is elongated, cylindrical and meta merically segmented. 

4 . The head is distinct bearing a small conical prostomium with minute tentacles and rudiment 
palps. 



5. The parapodia are small out growths of integument which contain special giUs. Fig. 40.4 Gfyctn. 

6 . Presence of a long, tubular proboscis bearing teeth, which give the peculiar shape to the worm. 


7. There are no blood vessels; each gill contains a diverticulum of coelom. 
However, the perivisceral fluid contains numerous red corpuscles which 
assume the function of blood. 

8 . It is generally used as a fisbbaiL 

APHRODITE 

1 . Aphrodite or sea-mouse commonly found in deep water 10 to 100 fathoms 
in muddy bottoms of almost all seas. 

2. It generally burrows in mud and creeps on the sea bottom. 

3. Fairly common in coral line. 

4. It is commonly known as "sea mouse". 

5. Body short almost oval and dorso-ventrally compressed. 

6 . Head small generally hidden, silualed at the anterior end. 

7 Tie head carries a single median tentacle and two large lateral palps. 

8 . Body Is covered by modified dorsal cirri the elytra, which ate plate like. 

9 . The elytra to a respiratory organ. 

10 Matty of the notopodial ch.etae ate Iridescent forming a blanket of fel.-lOte 
covering of the whole body of animal. 



pig. 40 J AfkfPdm. 
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11. Apart from these brilliantly coloured thread-like setae three are sptae- 
• like brown stiff bristles. 

12. The cnus is situated at the extreme posterior end on the dorsal surface. 

13. When distributed the stiff irdiscent bristles can be erected just like the 
spine of porcupine to frighten away the enemies. 

14. The alimentary canal has caeca for the digestion of food. 

15. When animal moves in water it shows beautiful iridescent colour. 

TROMOPTERIS 

The classification is the same as that of Polynoe. 

1. It is a marine pelagic polycfaaete. 

2. It is found in U.S.A. and Europe. 

3. Body is colourless, transparent, having 18-20 segments. 

4. Parapodia are large, bilobed and without setae. 

5. Each lobe of parapodia bears a yellowish rosette-shaped or spherical 

photogenic organ. Ft* 40.6 Tomoptcri, 

6. The head is distinct due to the presence of hammer-shaped prosomium which contains a pair of eyes and two pain of 
chaetigerous processcss or tentacular cirri. The anterior are very short while posterior ones are very much elongated. 

7. The ventral mouth is without jaws. 

8. Circulatory system is absent 

MYZOSTOMA 



The classification is the same as that of Polynoe. 

1. It is an unsegmented, flalenned polychacte, general¬ 
ly ectoparasites on the starfishes, sea-lilies or feather 
stars. 

2. They are found in West Indies, Havana, Europe. 

3. These are disoshaped situated on convex ventral 
side of the host 

4. Five pairs of parapodia situated on convex ventral 
side. 

5. It has four pairs of small suckers, probably sense 
organs, on ventral side. 

6. Ten pairs of minute protuberances of short cirri 
extend from the edge of the body. 

1. Mouth is ventral in position that leads into • 
protnislbie pharynx. 

8. A distinct head is absent 

9. Coelom or body cavity is absent 

10. Circulatory system and respiratory organs are ab¬ 
sent 



/ 
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11. Hermaphrodite, protandrous. Later testes degenerate leaving behind female reproductive organs. 

12. Development indirect through trocbophore larva. 

CHAETOPTERUS 

Phylum - Annelida 

Class - Polycbaela 

Order - Sedentaria 

Genus - Chaetopterus 



Fig. 40.8 Ckoctopttnu. Ealli* worm. 

1. It is a tubicolous worm which generally lives permanently in a 'U' tube, made up of sand and mucous with ex amen 
in current openings. 

2. It is found in Europe, U.S.A., North Carolina to Cape Cod. 

3. It is commonly known as ‘paddle-worm'. 

4. Long worms, about 0.15 to 0.45 metre in length. 
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5. Body divided into three regions:- 

(.) Anterior n.nenC regie wiU, . taM* pe—I co.U, ***** «"• *' 

4th segment setae are enlarged, while 10th segment bis a p.ir ofwmg-like aliform notopodia. . 

(b) Middle region possesses modified parapodia forming three pairs of Ians. It consists of 5 segments. 

(c) Hinder or posterior region has smaller segments bearing parapodia. These segments are about 30 in number. 

6. Feeding is very characteristic. Three paired fans of middle region and alia 
of ciliated groove create a water-ament, which flows from one end of the 
tube to the other. The water-current serves for nutrition and respiration. 

Notopodia secrete mucus, which forms mucous begs with food particles. 

It is rolled into a ball or bolus which is passed on Co the mouth through 
dorsal groove. 

7. Chaetopterus is highly bioluminescent emits blue-green light 

8. A great power of regeneration, the whole body can be regenerated from a 
single segment. 

ARENICOLA 

The classification is the same as that of Chaetopterus. 

1. It is found on coasts between tide marks. It lives in a 'IT shaped burrow 
made up of sand and mucous. 

2. It is found in Europe and U.S.A. (from Florida to Cape Cod). 

3. It is popularly known as Mug worm’. 

4. The body is elongated, worm-like, broadest at anterior end. 

5. The length of the worm is 5 to 8 inches. 

6. The body is divided into three regions. 

7. The anterior or prebranebial region of the peristomium. an achaetous 
segment and six chaeliferous segments. Eyes, tentacles absent Peris¬ 
tomium contains 9 pairs of Iilhocytes. 

8. The middle region not so thick of I2or 13 chactiferous and branebiferous 

segments. v 

9. The posterior region much thinner without setae and branchiae, with segments less dearly marked and variable in number. 

10. Mouth lies ventral to the prostomium. The buccal region and pharynx protnisible as proboscis which is covered by chitinized 
papillae. 

11. Nephridia six pairs. 

12 . It is generally used as bait for fishes. 



FT*. 40.9 Artnifla. 


AMPHITRITE 

The da&sification is the same as that of Chaetopterus. 

1. It is a tubicolous marine worm, living in tubes or burrows lined with sand and mucous. 
1 It fa found in Europe and U.S.A. (from North Carolina to Cape Cod). 
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3. Body elongated and cylindrical, pinkish in 
colour measuring about 20-30 cm in length. 

4. Body is differentiated into three district 
regions: anterior region (head), middle 
region (trunk) and posterior region (ab¬ 
domen). 

5. Head small; prostomium and peristomimum 
are fused to form a horse-shoe shaped 
preoral lobe. 

6. The prostomium forms the upper lip of and 
peristomium lower lip of the mouth. Eyes 
and palps arc absent 

7. A tuft of long, yellowish and conlraclile ten¬ 
tacular filaments arises from a transverse 
ridge just behind the pre-oral lobe. 

8. Tentacles are feeding organs bearing ciliated 
groove on its oral surface. 

9. The first three segments of thorax bear red 
and feather-like branched gills. Rest of the 
segments bear notopodia with setae. Some of 
the thoracic segments have shield glands for 
mucous secretion. 

10. Abdomen is long and many segmented. Each 
segment contains notopodia and neuropodia. 



Fig. 40.10 


11. The caudal segments lack notopodia and anus is found terminally in the last segment. 


SERPULA 

The classification is the same as that of Cliaetopterus. 

1. Serpula is a tubiculous worm, generally lies in tubes formed of mucin 
hardened with calcarous matter. 

2. The tubes arc generally 130 inches long. 

3. Found in Europe and U.S.A. and commonly called •fan-worms’. 

4. The worm is minute with small trunk and abdominal cgments. 

5. The prostomium carries a pair of large semi-circular feathered gills which 
arc modified palps. 

6. The gills arc respiratory and also serve as food collecting organs. 

7. One of the lips of gill filament is modified into s, °PJ* r ° j 
which lock the aperture of tube when Serpula withdraws 

8 The dorsal and ventral cirri of thoracic segments are in^or 

rboracic membrane on each side wbieb is used » smootben .be m.enor 

of the tube. 


9. The nepbridia of posterior segments act as genital ducts. 



Fi* 40.11 SerfJ* 
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SAB ELLA 

The classification is the same as lha! of Choetopterus. 

1. Tubicolous polychaelae, live in tubes of sea-mud or sand which they rarely or 
never leave. 

2. It is distributed throughout the world but especially U.S.A. (North Carolina to 
Cape Cod). 

3. It is commonly called as 'peacock-worm’. 

4. Body is elongated bearing equal number of segments. 

5. Body is divisible into a small head, thorax and abdomen. 

6. Head consists of prostomium with several large gill-filaments or feathery 
tentacles which are modified palps. Each tentacle has two rows of small 
pinnules having mucous secreting cells. 

7. Thorax formed of 8 segments and provided with gland-shields and parapodia. 
The gland secrete mucous. The first segment is called peristomium which b 
collor-like and has notopodium and setae but no ncoropodium. 



8. Abdomen is formed of300 segments, and is marked with 
a faecal groove which serves to carry faeces out of the 
tube. 

9. Buccal mass is not cvetsible. 

10. Eyes arc present on branchial filaments. 

11. Sabella is a filter-feeder, feeding by the movements of 
tentacles. 

SPIRORBIS 

The classification is the same as that of Chaetopterus. 

1. It is a minute tubicolous, sedentary polychaete, Irving in 
a small calcareous tube, coiled in a fiat spiral manner. 

2. It b commonly found in U.S.A., Long Island to Bay of 
Fundy and northwards. 

3. Body measure 3mm in length. 

4. The body b cylindrical, elongated and b divisible into 
upper thorax and lower abdomen. 

5. Each gill consbts of an elongated stem on which axe 
borne the short filaments; one of the gill filaments b 
enlarged to form an operculum which closes the mouth 
of tube. 



6. The .nim.1 is bermsphrodite: interior psrt of body gives me lolheov, while posterior pen or tbdomen produces the spemts. 

7. Eggs are developed inside the operculum. 

8. The prostomium and peristomium are compactly fused together to form a collar which seaetes the tube. 

9. Presence of paired anterior nephridb which are excretory in function. 
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STERNEASPIS 

The classification is the same as that of Chaetoptenis. 

1. It is a marine, tubicolous polycbactc. 

2. It is found in U.S.A. (Florida). 

3. The body is short, broad and made up of about 30 segments. 

4. Head is formed of proslomium and perisloinium. 

5. Proslomium is elongated and without any appendages. 

6. Pcristomium is knob-like and contains mouth. 

7. First three segments possess incomplete bristles, segments 8lb*lStb 
possess setae while segments 5th, 6th, 7th and 16tb • 24th arc without 
setae. 

8. Intestine is coiled. 

9. Anus is terminal and surrounded by gills. 

10. Presence of a single pair of nephridia bearing small ciliated funnels, 
which do not open to exterior. 

11. A ventral shield formed by a thickening of the cuticle in the posterior 
region of the body bears a number of setae around its edges. 



TEREBELLA 

The classification is the same as that of Chaetopterus. 

1. It is a marine, burrowing, sedentary polycbactc. 

2. It is found in Europe, U.S.A.. Woods-Hole region and Vineyard Sound 
to Bay of Fundy. 

3. Body is long and vermiform differentiated into bead, thorax and 
abdomen. 

4. Head is borse-shaped made up of proslomium and pcristomium. 

5. Proslomium flalcnncd into a mobile upper lip which carries a 
transverse series of numerous filiform tentacles and two pairs of 
eyes pots. Palps arc absent 

6. Pcristomium forms lower lip and lacks cirri. 

7. The gills or branchiae arc found on the dorsal surface of few anterior 
segments and they form four wide comb-like branches on a single 
peduncle. 

8. Thorax with gland shields. 

9. Parapodia arc feebly developed. 

10. Nephridia arc large arrd small and serve as both excretory and genital 
ducts. 



Fis. 40.15 rcrtbtU* 
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MYXICOIA 

The classification is Ibe same as ihai of Choctopicrus. 



Fig. 40.16 A tydfU. 




1. Myxicola a a scdcnlary lubicolous animal lives in a lube in the sea sand. Occasionally Ibe worm leaves Ibe lube and swims 
freely. 

2. Body is elongated, dark green in colour and measures aboul 10 an in lengih. 

3. Eyes, mucous and shields arc absent. 

4. Gills arc present which arc well developed and protrudes ouL 


AF.OI.OSOMA 


Phylum - Annelida 

Class - Oligocbacla 

Order - Archioligoebacta 

Genus - Aeolosoma 

1 . Il is a freshwater worm found in ponds, pools and living among 
(he algae. 

2. Body transparent and dorso-vcnlrally tlalenncd and spotted with 
red. green or yellow oil globules in the integument 

3. Body is made up of 7-10 segments, which are not dearly 
marked. Coclomic septa arc absent. 

4. Prostomium ciliated vcntrally and bears a pair of ciliated pit. 

5. Each segment bears four bundles of hair-like setae. 

6. Clitcllum present only on the ventral side of the 5lb - 7th 
segments. 

7. Nephridia arc paired and mctamcrically repealed. 

8. Nervous syslcm is hypodermis, the vcnlr.1 nerve cord is .hsenl. 



Fig-40.17 Adtoma. 
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9. These are hermaphrodite worms but commonly reproducing asexually by 
transverse fission. 

10. Nepbridial ducts act ?s gonoduct. The genital products pass out through 
ncpbridioporcs. 

TUBIFEX 

The classification is the same as that Aelosoma. 

1. It is a tubicolous fresh water animal found on the bottom of deep lakes. It lives 
into tubes, made up of mud, minerals and mucous. 

2. It is found in U.S.A. (Long Island Sound to Maine). 

3. They occur in large numbers in the form of patches. 

4. The body is elongated, somewhat cylindrical reaching upto the length of 4 cm. 
approximately. 

5. It is reddish in colour and is divisible into a number of ring-like metameres. 

6. Each segment of body except the few posterior segments bears the tufts of minute 
setae on its either side. 

7. The posterior end of body protrudes out from the tube and waves back and forth. 

8. The clitellum is found in I llh and 12th segment. 

9. Contractile heart is present in 8th segment. 

10. Male genital pore lies in the I llh segment and female genital pore in the 12th 
segment. 

11. The eggs arc deposited in coccon. which contain food yolk for the nourishment 


anterior end 


of embryo. The cpibolic type of process occurs during development 


Ll’MBRICUS 

Phylum 

Class 

Order 

Genus 


Annelida 

Oligocbaeta 

NeooligochaeU 

Lumbricus 


alimentary 

canal 

inter 

tegmenta 

tepu 


(tonal blood 
vettel 

pouenor'^ 
end » 


Fig. 40.18 Tmbifex. 


w 

1. It is found in moist soil (terrestrial). 

2. It is a common earthworm of Europe and U.S.A. 

3 Body is cylindrical. 15-30 cm in length and made up of 100-150 segments. 

4. The lobular prostomium divides peristomium into two parts. 

5. Clitellum present in segments from 32-37 and is swollen. 

6. Each incomer cxccp. firs, and .as., bears 'S' shaped chiUnous chaeue arranged in 4 pa,-s o 
which two arc ventral and two vcntro-lateral. 

7. Female and male genital pores are paired and are situated« 144 a»d IS* *eg*rnTr ^ 

8. Gizzard is absent. 



Fig. 40.19 
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9. Prostate glands are absent. 

10. Genital paillae absent. 

11. There are two pairs of spermatbecae in 9th and 10th segments. TOrce pairs of seminal vesicles 
in 9th. 11th and 12th segments. Testis sacs arc two. one in 10th and other in 11 lb segment. 

12. Each segment has a pair of nephridiopores. situated vcntro-latcrally. 

MEGASCOLEX 

The classification is the same as that of Lumbricus. 

1. It is a terrestrial worm lives in moist soil. 

2. It is found in South India. Sri Lanka. Australia. Tasmania and New Zealand. 

3. It measures 8-12 cm in length and bears 80-100 segments. 

4. The dorsal body surface is dark purplish brown and the ventral surface is somewhat pale in 
colour. 

5. Clitellum present in segments from 14-17. 

6. Gizzard lies in 6th segment. 

7. Longitudinal blood vessels arc two. dorsal and ventral and they are connected by eight pairs of 
hearts in segments 6-13. 

8. One pair of metanephridia is present in each segment behind the 19th segment. 

9. Two pairs of seminal vesicles, one pair lies in 9lb segment and other in 12th segment. 

10. One pair of prostate glands lie in segments 18 and 19. 

11. 3 pairs of spermalhecae lie in segments. 7,8 and 9. Each with two diverticula. 

12. Two female genital pores on segment 14th. 

13. Two pairs of penial setae help in copulation. 



Phylum 

Class 

Order 

Genus 


ACANTHOBDELLA 

Annelida 

Hinidinea 

Acanthobdellida 

Acanthobdella 


1. It is an ectoparasite on the caudal and anal fins of salmon fish. 

2. It is found in West Siberia and North-East Europe. 

3. Body is elongated dorso-ventrally fiatenned and both the ends pointed. 

4. It contains only 20 segments. 

5. Anterior sucker is absent, posterior sudeer made up of four segments. 

6. First five segments bear double rows of setae vcntro-latcrally. 

7. Body cavity or coelom spaceous and is incompletely divided by septa. 

8. Nephridia with externa] and internal openings. 

Fig. 40.21 



Aca*Aobdella. A—EaliK leeck, B—Aalerior ead la 
veauil view tkowiag aelac. 
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Ms 

9. Circulatory system made up of a dorsal and a ventral Wood vessel. 

10. Nervous system consists of 20 ventral ganglia. 

11. Male genital pore in 7th segment and female genital pore in 8tb segment. 

12. AcanilinMclla is a connecting link between Oligocbaeta and Hirudiuea. 


PONTOBDELlJV 


1. 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 


Phylum - Annelida 

Class - Hirudinca 

Order - Rhyncbobdella 

Genus - Pontobdella 

It is an ectoparasite on fishes chiefly skates and rays. Sometimes it is called 'skate 
sucker*. 

It is found in Europe and U.S.A. 

The body is cylindrical, elongated with anterior narrow and posterior blunt 
portion. 

The anterior and posterior suckers arc cup-shaped and well marked. 

Anterior sucker is applied to the skin of fish and then makes a wound. 

The body surface is rough which is covered by small rounded green tubercles. 
Ncphridia form a complex network on the ventral surface of body. 

The anterior end of body protrudes out to form a retractile proboscis or introvert. 



Fig. 40.22 Pomiobdetla. 


9. Setae and jaws wanting. 

10. Hermaphrodite, sexual reproduction is common. 

11. Eggs are laid in tnolluscan shells. Parental care is shown as the eggs arc 
guarded by the parent till they hatch. 

BRANCHELUON 

The classification is the same as that Pontobdella. 

1. Brancliellion is an ectoparasite on marine fishes specially Torpedo. 

2. It is world wide in distribution but not reported in India. 

3. Small, elongated body of about 10 cm. long. 

4. The anterior end is produced into a proboscis and a wide abdominal region. 

5. The abdomen bears II pain of series of foliaceous non-digitate gills 
(branchiae) laterally in each segment 

6. The anierior and posterior suckers well developed and pedunculate. 

7. Nephridia are absent but excretion by complex network of tubes. 

8. Hermaphrodite, sexual reproduction is common. 



Characters A Classification of Annelida 


GLOSSIPHONIA 

The classification is the same as that Pontobdella. 

|. It is a freshwater leech found parasitic of mussels and feeds on Chironomous larvae. 

2. It is world wide in distribution. 

3. The body is broad and dorso-ventrally flattened. The anterior end tapers whereas the posterior 
part of body is oval. 

4. Setae arc wanting. 

5. Three pairs of eyes persist 

6. The posterior sucker is cup-shaped and well formed. 

7. Presence of elongated crop chambers arranged in the middle of body segments. 

K. In this leech copulation has never been observed, but one individual deposits spcrmalophores 
on any part of the body of another individual. 

9. The male and female ducts open by a common pore located between eleventh and twcllb 
segments. 



10. Cleavage unequal no cocoon formation takes place. 


OZOBRANCHdS 

The classification is the same as that of Pontobdella. 



F»*«0.2S O^nmdm. 


1. It is an ectoparasite on the river-turtle and fishes. 

2. Body is sub-cylindrical that often bears lateral gills. 

3. Usually more than three annuli per segment 

4. Anterior and posterior suckers are well developed. 
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5. Anterior region is produced into a long proboscis. 
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Annelida 

Hirudinea 

Gnalbobdellida 

Nepheles 


Phylum 

Class 

Order 

Genus 


1. It is found in fresh water ponds and streams under stones and in vegetation. 

2. It has world wide distribution. 

3. Body is slender about 8 cm in length and brownish black in colour. 

4. Anterior end is rounded and devoid of anterior sucker. Head bears 2 pairs of 


5. Each body segment has 5 annuli. The annuli and true segments are not easily 
demarkated and consists of 19 segments. 

6. Posterior end is flatenned and bears a distinct small posterior sucker. 

7. Setae, parapodia and jaws are absent 

8. It is carnivorous, feeds on aquatic larvae, worms and snails. 

9. Sexual openings are separated from one another by two rings. 

10. Development takes place in cocoon. 


poiicnor 

luefcer 


Fig. 40.26 NepMes. 


HAEMOPLS 

The classification is the same as that Nepheles. 

1. It is found in ponds, streams and swampy meadows. 

2. It is cosmopolitan in distribution. 


3. It is commonly called 'hungry horse leech'. 

4. Body segmented, segments indicted externally by rin g-like con- 
sections, which are much more numerous than the true segments. 

5. Head is not distinct, jaws are armed with blunt teed, in two rows. 
A pair of eyes present 

6. Presence of one pair of caeca in crop. 

7. It is cmivorous leech, feeding on earthwonns. aquatic Ur** of 
insects, tadpoles and small fishes. 

8. Copulatory glands are absenL 


9. Development takes place in cocoons. 



Fig. 40.27 Hotrnopu. 


Characters & Classification of Annelida 


351 


UMANTIS 

The classification is the same as that of Nepheles. 

1. It is a fresh water ectoparasitk leech of domestic animal, horses, cattles etc. 
1 Commonly found in Syria. Egypt and Lebanon. 

3. Body is elongated never more than 4 mm in length. 

4. Anterior and posterior suckers are well developed. 

5. Proboscis non-protrusible. 

6. Oral sucker armed with three jaws. 

7. Each segment with 5 annuli. 

8. Development is direct 



POLYGORDIUS 

Phylum - Annelida 

Class - Archiannelida 

Genus • Polygordius 

1. It is found living in the sand of European Seas. 

2. Polygordius is a marine worm with narrow, elongated cylindrical 
body. 

3. The prostomium is small, the perislomium large and forms the head, 
which bears paired prostomial tentacles and ciliated pits. 

4. Presence of a tooth-like process round the anus, and in front a circlet 
of adhesive papillae. 

5. Segmentation is not distinct in front but well marked behind and is 
without parapodia or chactae. 

6. Beneath the skin longitudinal muscle fibres in four quadrants. Cir¬ 
cular muscles absent 

7. Presence of paired segmentally arranged nepridia leading into 
nephro6tomcs. 

8. Vascular system is reduced and single nerve cord lies in the epider¬ 
mis. 

9. Sexes are separate. 

10. Gametes released by the rupture of the body wall. 

11. Fertilization external. Development is indirect with Loven’s larva, which resembles a typical trochophore larva. 

PROTODRILLUS 

The classification is the same as that of Polygordius. 

1. It is small marine worm found in Inland Sea, Lake at Faro near Messina (U SA.) 



Fig, 40.29 Polygordius. 
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Fif. 40 30 ProloJnlus. 

2. Body is narrow elongated and cylindrical. 

3. Body segments are very indistinct and marked off by ciliated rings. 

4. There is a median longitudinal groove on the ventral surface. 

5. Body with small prostomium which bears ccphelic tentacles and ciliated pits. 

6. Anus is terminal surrounded by fin-like expansions. 

7. The ventral nerve cords arc fused. 

8. Excretory system comprises paired segmental simple nepbridia. 

9. Hermaphrodite. Development is direct without larval stage and metamorphosis. 

SACCOCIRRUS 

The classification is the same as that of Polygordius. 

1. It is marine worm found attached to sea-weeds by adhessivc pad. 

2. It is found in European countries and Madras. 

3. Body long, cylindrical, 10-15 mm in length. 

4. Anterior region bears a pair of cephalic tentacles and eyes. 

5. Body segments marked by prominant inter-segmental grooves. 

6. Each segment bears lateral setae. 

7. Longitudinal ciliated groove is situated in the middle of ventral surface. 

8. Anus terminal with adhesive pads on. 

9. Nervous syslcm comprises of Iwo scpsntc veninl neive cords ly.ng )usi bene.U. ihe 

epidermis. F '*’ 4 
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10. Sexes separate, female wilh spemathecae and males wilb a pair 
of protrusible penis in each segment. 

11. Development is direct 

NER1LLA 

The classification is the same as that of Polygordius. 

1.. It is a marine worm found in sea-water. 

2. Body elongated worm-like measuring 1 mm in length. 

3. Head with three prostomial tentacles, two palps and two pain 
of setae. 

4. Sexes are separate. 

5. Three genital segments in male and one in female. 

6. In male three pain of sperm duds uniting at a common median 
genital aperture. 

7. Development is direct 

DINOPHILUS 

The classification is the same as that of Polygordius. 



Fi » <032 N trill a. 


1. Dinophilus is small, marine archiannclid, found among sea weeds. 

2. Body short, Oatenned looks like a planarian of about 2 ram long. 

3. Body with 5 to 6 segments with ciliated ring. 

4. The entire ventral surface is uniformly clothed with cilia. 

5. Prostomium broad, with two eyes and ciliated pits. 

6. Tentacles and palps are absent 

7. Coelom very much reduced with five pain of nephridia. Sexes are separate. 

8. Male with median penis. 

9. Females with eggs of two sizes the smaller giving rise to males and the larger to 
females. 



<0-13 DmfkiUu. 
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NEANTHES = NEREIS 


Neamhes (old name Nereis) is commonly known as 'uxndworm * because it is found buried in sand or ‘clamworm’ as it k 
found along with dams but has no ecological relationship with them. Neamhes is one of ^j,, 

the largest and most common typical marine anndid with most of the characteristics of the 

phylum. It has a great number of species which are found in different parts of the world ^ 
but resemble greatly with each other. Few important and common species are :N. dumeriUi, 

N. diversicolar, N. irroraia, N. cultrifera, N. wens, N. pelagica, and N. caudata. 


SYSTEMATIC POSITION 

Phylum 

Class 

Order 

Genus 


cr» 


Annelida 

Polychaeta 

Errantia 

Neamhes ( Nereis) 


HABITS AND HABITAT 

Neanthes has world wide distribution te. it is found throughout the world, in Europe, 

America , Alasks. North Pacific and other places. It inhibits the sea shores between tide 
marks. It is also found among the sea-weeds and under stones, but normally it live in 
burrows. The burrows are formed 60 an deep. The burrow is lined by mucous which help 
in cementing tbc grains of sand, a mechanism by which the burrow cannot f°"*PK.The 
worm lives within the burrow during day time. At night, it protrudes theantenor of its body 
and moves it all round in the search of food. Thus the worm n nocrumai Tbe womi u 
carnivorous in diet and feeds on small crustaceans, molluscs and annelids. Occas onally. 
the worm leave its burrow and creeps about the stones. During breed mg season, it leaves 
its burrow permanently and swims about actively in the surface layer of water. 

EXTERNAL MORPHOLOGY 

Shape and size. Body is elongated, cylindrical and veroiiform. It is 

symmetrical, metamerically segmented and somewhat flattened doraoventrally^B grad ua^ 

|y tapers to the posterior end. the dorsal surface rs convex but the ventral d.L The 
varies from few to 40 cm. 

Colouration. Different species are differently co.ouredJV. "^Tcutn^ 

colour,N. Iimbalais ofbrownish«lomwbaej.«aron^ “^ browri; J N . 

is greenish; N. pelagica is a raddish-brown, n.iammcoia e 
vexilosa is dark brown or blue-green with iridescence. 

Segmentation. Body is divided into^^^re^tS by' 

~ e .nd Utel^P". Ai*tbe metaneras arc -Uhe except dm Ira. which * ^ 4U 
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somewhat rounded. It is known as tail somite otpygidium and carries a pair of anal 
cirri Anus is terminal. 

Divisions of the body. The whole body of Neanihes is divided into three 
well-defined regions. 

1. Head 

2. Trunk 


3. Pygidium. 

1 .Head 

The anterior-most part of the body is specialized into a head, which consists of 
two main part ,prastomium and peristomium. 



m p«r»pod>um pwmomiwn 

Fig. 41.2 Nemihtx 


(i) Prostomium (Gr., pro*be(otc, stoma =mouth). It is the part before mouth and is roughly a triangular lobe. It is situated 
mid-dorsally. Protruding forward from the anterior edge of the prostomium are two tentacles and from the ventral side project 
two palpi Each palp is two-jointed. Tentacles are regarded as organs 

of touch, and palpi are organs of taste and smell. There are two pain of p * o-fl0u * i pronomal pmunial 
simple eyes on the dorsal surface of the prostomium for the perception of ****** 4 | * / 

light. On each side of prostomium is a ciliated pit, which is called nuchal 
organ considered to be a sense-organ of doubtful importance. 

(ii) Peristomium (Gr, /*ri=around; sro/rwamouth). It is a large ring-like 
round part present behind the prostomium. It bean on its ventral side a 
slit-like mouth. It difTen from a trunk segment in being longer, in lacking 
parapodia and in the presence of four (two pain) thread-like peristomial 
cirri on each side; of these one pair is dono-lateral and the other ventro¬ 
lateral. These are homologous with the notopodial cirri and neuropodial 
cirri of the parapodia of trunk segments. Each cirrus is a long, slender, 
tactile structure, having a short proximal joint and a long distal joint. The 
dorsol cirri are longer than the ventral ones. 



Fig. 41J Hcmihcx 


The study of the developments! slsges of Ncamhls shows thst the ptostomhin. b not. hue segment of the body but develops 
segmenb° ln Cn0r Pr ° ) ' C, ‘ 0n I*"' 10 ™™. U>e peristomium b fotmtd by the fusion of the first sod second fcrfj 


2. Trunk 

It comprises practically the entire body except the head and the last 
segment or pygidium. It comprises a number of segments which are all 
alike. Each trunk segment bears on either lateral sides a flat, fleshy hollow 
and vertical flap-likc structure, the parapodia. Term parapodia wai coined 

by HuxeIy(Grpara=besides',podos=(otA) 

It is a biramous structure and consists of an upper or dorsal part or 
notopoduan and a lower or ventral part or neuropodium. Notopodium and 
neuropodrum are both bilobed structures Le. each part is further Subdivided 
into two leaf-like lobes or ligulae, a dorsal superior ligula and a ventral 
mfenor /igutoand from each appezas a bundle of setae or chaetae. The setae 
lodged m an epidermd pit, the setigerous sac. Each seta dcvelons fmm . 

can be protruded, routed in all the directions bod, 

musdes within the parapodia. Each s£Tr£> 
proximo shift ,„d . dbril bWc The « of Wo ^ 


pvagnuhiof 

oakulariccah 



NtmAc. Had i. doned view witk everted pkaiya*. 
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I ig 414 NeamUet. Hod i. froaul vkw. type bas a | ong s|ou| sba ft and a sborl s|ou| b , adCi (fc) Long blade lyp€ 

bas a small sbafi bul a long, pointed blade with one edge sera tied. In Heteronereis phase a third type is also seen called as oar 
shaped. Here the blade becomes oar-shaped. Besides long setae in each pari, there is a stouter, straight, dark-coloured seta known 
as aciculnm , which projects only for a short distance but not beyond the outer edge of the parapodium. Setae help in locomotion, 
while aciculnm bas a skeletal function. The dorsal margin of notopodium is produced 
into a short, cylindrical tactile appendage the dorsal cirrus and a similar structure is 
produced at the ventral margin of the ncuropodiuin. the ventral cirrus. Of the two 
cirri the dorsal one is much larger than the ventral. 

The parapodia arc the largest in the mid-region of the body and decrease in size 
towards the anterior and posterior ends of the body . The first two parts of parapodia 
have no notopodial setae. The parapodia arc highly muscular and primarily the organs 
of locomotion, used both in creeping and in swimming, they are highly vascular and 
glandiular and probably also serve as respiratory organs. 

Ncphridispores. On the ventral side, near the base of parapodia, each segment 
bears a pair of minute excretory pores through which the nephriidia communicate 
out. 



3. Pygidium or Tail 


Fig 41.7 Neamthei. Vj riom» of k<k. A—Typical, D—L««g blade. 
C—0»r »k»pc<J 


The last segment is tail which bears a terminal anus, a pair of long filamentous 
anal cirri and several minute sensory papillae. This segment does not bear parapodia. 


BODY WALL 

The body wall consists of cuticle, epidermis, musculature and coelomic epithelium. 

1. Cutkk.lt is a thin, tough, cbitinousand non-cellular layer covering the body externally. Il b secreted b^e^Wermal Mjb 
underlying it It is perforated by numerous pores through which the epidermal gland cells open out. Uc cuticle exhibits 
irridesccnt lusturc due to the presence of two intersecting systems of fine siriations in iL 

2. Epidermis. I. lies below the cuticle. It is nude up of. single layer of c otattm ar «**>*»* «lli 

membrane. Except the ventral side, the epidetmis is thick a. places. Many gland cells I o. 

the base of parapodia. These gland cells secrete mucous which is used ,n formtng the lubes m whtch the animal lives. 

3. Museuklure. Below the epidermis arc present the muscles wbkb are of three types: 

(a) Circular, (b) longitudinal and (c) oblique muscles. 
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(*) Circular muscles. These from a 
continuous layer beneath the epidermis, 
which is slightly thicker on the ventral 
side. In the parapodia, the circular 
muscles are modified to form a compli¬ 
cated system of parapodial muscles com¬ 
prising the proiracior and retractor 
muscles. The protractors radiate from the 
bases of the setigerious sacs to the layer 
of circular muscles on all sides. The 
retractors extend from the outer part of the 
setigerious sacs to the dorso-laterial body 
wall. By the contraction of protractor 
muscles protrusion of acicula and central 
lobes of parapodia occur. The retractor 
muscles brings about withdrawl of the 
acicula-bearing lobes of the parapodia. 


*>'Ml 

•©"Ikuduul 


me* nlo , epidermis 


“o'MJWood circuit/muscle dontl. 



coelom* 
epoheh^n 

r"* 


_ vtrn, o laicnl 

oblique *o»iuu<| inf , 
muscle fibres 

vcraral ' 

so*uy nerve cord blood vessel 


muscle 


Fig 4| J NtmAtt. TS. ot $ segmeei wiifc psnpodu. 


(b) Longitudinal muscles. The longitudinal muscles are inside the circular musdes and are much better developed. They do 
not form a complete layer but occur as four bundles, two dorso-lateral and two vcntro-laleral. Contraction of this muscle makes 
the body short and stout. 


(c) Oblique muscles. Two pairs of oblique musdes are found in each segment They arise from the ventral body wall on the 
lateral sides of the never cord extending forwards to attach with the bases of the parapodia. The oblique muscles are divided into 
two parts, one part is attached to the dorsal part of the base of the parapodia and the other to the ventral part Bending of parapodia 
in the vertical and horizontal planes is brought about by differential contraction of the various oblique musde-bundles. 


All the musdes are composed of smooth or unstriped musdes fibres. 


4. Coelomic epithelium. It is the inner most layer of body wall and is composed of single layer of thin cells. 
Functions of body wall. The body wall performs a number of functions which are as follows. 


(i) The cuticle protects the body from mechanical injuries and desiccation. 

(ii) The epidermal glamd cells secrete mucous which lines the burrows to prevent the collapse. 

(iii) The epidermis of doreol side is highly vascular which hdps in respiration. Ul 1 

(iv) The sensory cells make the animal sensitive to external stimuli. 


(v) Musdes help in movements and serve for locomotion. 
(iv)The coeloinic epithdium secretes coelomic fluid. 




COELOM 


Between the body wall and gut intervenes a fairly specious coelom ot perivisceral cavity. This is not, however, a continuous 
cavity but on the contrary, is broken, into a series of codomic chambers by the intervention of interscgmental septa, 
^ K.the CX te rn *l groove. However, the septa, are incomplete, especially round the alimentary canal, so the contiguous 

oU, “- T1 " codo,n b funh " by lilt presence of» pair of oblique musdes 

bTv^W» y V T" 10 ““ d0,Ml * ,Cnl bod » »* u - V “W>'y. muscles .re inserted iulo the 

^MhllSlTr y y *n * mdKd “ UK b0dy W,M <*“ biscs of p.r.podi.. The perivisceml 

rai ' w ' m ' U >* 1 Kt inoei surf.ee of body w.U b cdled pcrittal 
K ” fvuca * * “»«• ™'’-t pvaonium. A double fold of periloneu “oiled 
mesentery suspends the alimentary canal into the coelom from mid-dorsal body wall. 

Tbe coelom is filled whh coelom* flu* This fluid couums muoeboid corpusdcs. The coelomic fluid mom or 1ms freely 
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circulate throughout the body. 

Fuhctlons of coelom. The coelom performs following functions: 

1. Food and oxygen are supplied to different parts of the body with the help of coelomic fluid. 

2. It protects the body from external shocks. 

3. The coelomic fluid also helps in the protrusion of parapodia during locomotion. 


LOCOMOTION 


Two structural elements are especially important in the locomotion of Neanthes, the longitudinal muscles and parapodia. 
The longitudinal muscles do not from a continuous layer. Instead they arc broken up into two pairs of blocks, one pair dorsal 
and other ventral. Because of this the muscles of the two sides of a segment can be in opposite phases, one contracted and other 
relaxed so that the passage of waves of contractiops along the* body can be thrown it into lateral undulations. Assisted by the 
parapodia the lateral undulations displace the body forward. 

The parapodium in Neanthes is clearly qifite Al A 

versatile in its mode of action. The animal ? P 

remains dependent upon the hydrostatic skeleton /~~V 
to provide firm basis for musculaf action. The vjX /"X /~y 

properties of musculature and parapodia inter* /“V f / Vrvi 

act to provide for several different types of Vy / \ &""v 

movements. These movements are of three ^ /X 7—(N 

1. Slow creeping. Slow creeping depends al- ibi 

most entirely upon the use of parapodia as a 9 Dl4 OOIIie ^p^urtoaofiocomodon I. 

series of levers. Initially a parapodium 6 A -Slow crawling, B-RiptdcrawJiag. 

moves forwards, with its tips lifted from the * ..u.ihk stroke 

ground and with the aciculum withdrawn, this is called the recovery stroke ot preparatory w the 

the parapodium makes contact with the substratum, the aciculum is protruded, and the oblique^rnusde 
body is pulled forwards. The parapodium is brought to backwards during this phase wh ' ch ' s “ Mir alternate wilh^cb 
stroke The movements of parapodia are so integrated that the two members of any it 

other in phase. Moreover, the movement of any one parapodium begins slightly after ^ 

2. Fast creeping. Slow creeping readily passes into rapid creeping. ™ ,s ' nV J^ the movement 

the difference that longitudinal muscles arc now of primary importance. The contract se y P 

of parapodia. The oblique muscles are not probably of much less importance than m show creeping 

3. Swimming. Here the pattern of movement is essentially the same as that of ^^v'^and'^in"their amplitudes and 
interact with parapodial movement, but, there is a marked increase in length of the wave 

frequency. 

DIGESTIVE SYSTEM 

It includes alimentary canal and associated digestive glands. 

A , 1 "*•“**-“ " 
infront to the anus behind. It can be divided in to three regions. 
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(i) Stomodaeum or for gut. If is the interior region of the ilimenury 
canal, lined internally by ectoderm and article and comprises the buccal 
cavity and pharynx. 

(ii) Mesenteron or midgut. It is middle region of the alimentary canal, 
and it is lined internally by endodcrm and comprising the oesphagus and 
stomach-intestine. 

(iii) Proctodaeum or hindgut. It b the posterior-most part of the 

alimentry canal, lined internally by ectoderm and cuticle and comprising only 
rectum. . • , 

(a) Mouth. It is a transverse slit on the ventral side of peristomium. It is over 
by the prostomium. It leads behind into buccal cavity. 

(b) Buccal cavity and pharynx. The anterior part of the buccopharyngeal 
regions of Neanthes forms an eversible proboscis. It is surrounded by 
several coats of muscles. The buccal cavity is situated in the peristomium 
and leads behind into the pharynx which extends upto 4th segment Both 
of them are lined internally by cuticle. The cuticle of buccal cavity is 
thickened at various points into dark brown denticles or paragnaths. The 

< pharynx us thick-walled and muscular. In its posterior part are found of 
large, powerful, cbitinous and movable jaws. Each jaw has a hollow base 
and an incurved, pointed somewhat notched apex. The inner margins of 
the jaws are serrated. The buccal cavity and pharynx arc wrapped in a 
common muscular coat and together they extend up to the fourth or fifth 
trunk segment. They can be fully everted to form the proboscis or the 
introvert This operation exposes the tips of the jaws for capturing the 
prey. 



Flf. 41.10 ^ Ntanihu. AaicrtorcoddiiKcuddonally to 
•low aUmcaury caaal. 



B - 

Fig. 4l.lt Stmthu. A—Pkaiyu retracted. B— Pkaryms evened. 


(c) Oesophagus. The pharynx narrows posteriorly to lead into the oesophagus. It is a narrow tube extending through five 
segments behind the pharynx. A pair of long, unbranched, sacculated glandular poches, the oesophageal gland or caeca 
open into it laterally at the anterior end. The oesophagus opens into stomach-intestine; the opening between the two is 
guarded by a sphincter muscle. A distinct stomach is absent 


(d> yg ’* *?*•.*!"+ * rem * inin * '“8* ofU*e body. Il Ustnight, tbio-wlled tube .nd 

ZE3EE2: m prtDc,p *' si " oi « - ^ 

(,) whidl op, “ f “ y by ■ hc 
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Fig. 41.12 A leanihts Du grim malic repre»««utio* of Ike iciion of 

ioirovoi A—Ai ren. B—Protruded iuirovuL 


Digestive glands. As slated above into the oesophagus open a pair of laterally placed caecae or poches called oesophageal 
glands. They secrete digestive juices probably proteolytic in nature. Besides microscopic gland cells are present in stomach-in¬ 
testine. These glands secrete digestive juices that contain enzymes to digest food. 

Histology. The gut wall consists of an outer most layer of serosa or visceral peritoreum, followed by longitudinal muscles, 
circular muscles and an enteric epithelium which is endoderm in the case of mid-gut and ectoderm in the case of fore-gut and 
bind-gut. The ectoderm is lined by cuticle. 



Food. Neamhes is a carnivorous and voracious animal and feeds on small animals, such as molluscs, crustaceans, sponges 
and other. It is also called clam-worm, because it is generally found, where clams occur. But eihfcle- 

it never eats the living clams as they are of bigger size. However, it feeds on small animals. | 

Feeding. To capture the prey. Neamhes everts its stomodaecum. The eversion of the 
pharynx is brought about by the contraction of protractor muscles extending from the 

introvert to the wall of peristomium and also by the pressure of coelomic fluid. The muscles X-.vl IX 

contract and the coelomic fluid gets filled in the buccal region, so that the buccal cavity 

everts out like a bag and the pharynx protrudes out The two pbrayngeal jaws art thrust with > > 

their dentate margin facing outwards. The jaws come close together and grasp the prey. The N; '' 0 

food is now dragged inside the burrow and then swallowed by the withdrawing of pharynx. -X 

The retraction of introvert is effected by contraction of retractor muscles which extend from £ 

the body wall to the pharynx. $ * 

Filler feeding. When within its burrow, Neamhes feeds on minute organic particles ' 
brought into the tube with the water current. Fig- 41.13 Htmtkrs. File fee *g ■ ^ 

The water current ,s created by lateral undulation of rbe body. For Urn punx»<t it secrete* 
in .he secretion, as drought in a bag. are swallowed from tine to tune. This mode of flung food rs called 

Digestion and absorption. Digestion is intercellular, occurs in the lumen of > !l l * Hp««- 

.lands and eland cells of stomach-intestine. The digestive enzymes are proteases. y 


RESPIRATORY SYSTEM 

In Neamhes, respiratory organs are absent s^te^c'the ‘^ dbl °° d 

rich-blood supply and body wall with its plexues <.'blood 'esse 5 ^ ou|cirbon dioxide. Blood contains a rapintory 

through these net-works, it obtains oxygen from thcsurTOundmgw.tcr.ndg di0 ,|de. 

pigment hatmogtobm, which mae.se the .bsorpttve rxpaa.y of blood for oxygen 

CIRCULATORY SYSTEM 
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donoUta*) ve**l 


cipiUftriea 


"•xopodium 



venrolaieral ve**d 


In Neanihes a dosed type of rirculalory 
system is present which helps in transportation 
materials from one region to other region of 
body. The function of transporting materials is 
performed by the blood. The blood flows in a 
system of tubes, the blood vessels. The blood 
vessels are of two types distributing and collect¬ 
ings Both the vessels are connected to each 
other by a system of extremely fine vessels, the 
capillaries . By the peristaltic contraction, the 
blood is maintained in contant drculation. 

Blood vessels. There are three longitudinal 
vessels which are as follows: 

(1 ) Dorsal vessel. It runs from one end of the 

body to the other situated in the dorsal mesentery »a*ra) vti»d oodUuni ve»**ii- 

above the alimentary canal. Its walls are highly Fig. 41.14 Ne*>thn Dugnmmuie KffrkatailM of blood vokIs 
contractile which drive blood from posterior to !• TS. ©(• wgm<«t 

the anterior end. It acts as collecting vessel, but in the 5th segment it bifurcates and both the branches form a plexus to supply 
the oesophageal wall. Thus dorsal vessel collects blood from the stomach-intestine region by means of two pairs of dorso-intes- 
linal or efferent intestinal vessels in each segment. It also collects blood from the body wall, parapodia and nephridia through 
lateral vessels. 

(U) Ventral vessel. It is main distributing vessel. It is situated below the gut and in it the blood flows anteriorly backwards. 
In the last segment it communicates with the dorsal vessel by a simple circum-rectal ring. 

In each segment, behind the oesophagus the ventral vessel a connected with the dorsal vessel by a pair of loop-like lateral 
commissural vessels. Each of these vessels shortly divides into afferentbnncbes, which carry blood to the body wall by afferent 
cutaneous, nephridium by afferent nephridutl and parapodhmt by afferent parapodia! of its side. In these organs, the afferent 
branches break up into a network of capillaries which reunite to form the corresponding efferent branches. The efferent branches 
finally unite and open into the dorsal vessel. 

In each segment, behind the oesophagus, the ventral vessel also supplies blood to the gut wall through a pair of afferent 
intestinal or ventro-intestina! vessels These break up into a capillary network in the gut wall. As slated above from gut the blood 
is collected by a pair of dorso-intestinal or efferent intestinal vessels and poured into dorsal vessel. 

The ventral vessel is a distributing vessel except in the anterior region where it is a collecting vessel and collects blood from 
oesophageal wall. 

^p~ a , uesse/. Il surrounds Ibe nerve cord. II coll ecu Mood from lie venlr.1 body w.ll ,nd sends into lie venlr.1 

Blood. Tie blood is red in colour due lo lie presence of dissolved rcspinloiy pkment. ih e haemoglobin In ihr hlood „r 
K* blood corpusc.es. Tie Mood corpuscles .re co.our.es, nudes,ed. LewJS^mb,T^^«of ve^™« 

XT*.!!? ta “• “ — i P rod “c“. ™ g of 

EXCRETORY SYSTEM 

Ek* nephridium is m.de up of . syncyb., uuss of prompt nun, nudei. Each nephridium is divisiMe Mm 
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two parts: 

1. Body ofnephridium 

2. Neck of nephridium 

1. Body of nephridium. It is a roughly oval, compact gland shaped structure 
which is placed transversely in each segment and contains a colied ciliated 
tube in iL The cilia are not found in the its last part called terminal duct. The 
terminal duct opens to the outside by a minute aperture, the nephridiopore. 
The nephridopore is situated on the ventral surface of parapodia near the 
ventral cirrus. Nephridiopore can be opened or closed. 

2. Neck ofnephridium. The distal part of nephridium is called the neck. In 
the neck the wall of the ciliated tube is expanded. This part crosses the 
septum of segment to open into the coelomic cavity of the other where it 
forms a ciliated funnel-like structure called nephrostome. The wide margin 
of nephrostome is provided with long delicate cilia. Such an open type of 
nephridium with a ciliated nephrostome is called a metanephridium. 


lyncyuum 



nephrottomi 


nqfcndUl 

lobe' 


nepbro****' 


Fig. 41.IS Seanihes. A acphrldium. 


In each segment of the body close to the dorsal wall, there is found a pair 
of ciliated organs. These are considered to be the gonoducts of mesodermal orgin, which, however, have lost their external 
openings and have ceased to function as such. 

Excretion is possible by two methods. The outer surface of each nephridium is densely covered with blood capillaries. The 
cells fronting the ciliated tube collect the waste materials from the blood and eleminate it through the nephridiopores. Secondly, 
ciliated funnel helps in removal of dead coelomic corpuscles, which have been perished by bacteria or some foreign bodies. 

NERVOUS SYSTEM 

Neanihes is an active animal, therefore, a well developed nervous system is present. It consists of: 

(i) Central nervous system _ I I 

(ii) Peripheral nervous system T J 

(iii) Visceral nervous system | L' 

(i) Central Nervous System. Central nervous system consists of t j 

brain or cerebral or stiprapliaryngeal ganglion, which is a V lA K Ls/ 

large bilobed mass of nervous tissues situated in the 

protstomium above the pharynx in the head. This b connected | rfa 

to a subpharyngeal ganglion, lying ventrally to the pharynx in 

the 3rd segment by a neivc-collar or circumoesophagealcon - Anlmnnl| nem - 3J/F - p ‘ ,p * 1 ““** 

nective or commissure on cither side that forms a ring or a ^ 

collar around the pharynx. Following the subpbyaryngeal t //T IIT 

ganglion is the ventral nerve, which b ganglionated and is Nil i It ^ , 

situated in the midventral line throughout the complete length _ menl S 

of the body below the ventral vessels. In Neanihes, two ventral ocrie ^ 

nerve-cords are not separate but are fused together along thc.r ^ p • ,,podi,l 

inner sides and arc enclosed in a common connective tissue 3-- vertr»ll* n « boa 

sheath. The nerve cord b provided with a ganglionic enlarge- ^ 

ment in each segment. The first ganglion b situated in the 4tb ^_1 -^- 

scgmenL ;>— m 


parapodial nerve 


cerebral 




- parapodial 

- vertreU*"! 1 * 0 ® 

r chain 


(ii) Peripheral Nervous System. The peripheral nervous ^ 
mainly includes the nerves coming directly from the brain and 


Fig 41.16 


Neanihts- Neivoma »y*«« 
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nerve cord to supply lie different regions of the body. The brain gives oul four short oplic nerves to U>e eyes, two tenuculir 
nerves lo the prostomUl unlades. .nd two palpal nerves to the palps- 

the organs of the segment, parapodia and body wall. 

Visceral Nervous System. It includes g.ngli. situated above the pharynx and . few fine nerves. These ganglia 

are connected on one side with the brain and on the other side with the ventral surface of the ctrcumpharyngeal conneoivea. 

SENSE ORGANS 

In Neanlhes the sense organs are specialized and well developed. Following types of sense organs are present: 


1. Prostomlal palps. On either side of the prostomium from ventro- 
lateral surface originate a pair of short, thick and muscular palps. 
Each palp is made up of two pieces; a basal piece, which is large 
and a terminal small piece. The terminal piece is capable of 
retraction into the basal piece. These are tactile in function. 

2. ProstomUl tentacles. These are a pair of small, cylindrical struc¬ 
tures arise from the anterior bonier of the prostomium. The surface 
of tenucles bear numerous sensory sprial organs, each consisting 
of about 100 photoreceptive cells, spirally amnged within a 
articular pit The pros to mill tenucles are probably uctile. 

I Nuchal organs. These are a pair of small pits in the posterior past 
of the prostomium on its dorsal side. They are lined with ciliated 
epithelium and glands cells. They are connected with the posterior 
part of brain. They serve as organs of smell and chaemo-reception 
and help the worm in detecting prey. 



Fig. 41.1? NtmAts.VS. ©fey*. 


4. Peristomlal cirri. Two pairs of cirri are situated at the anterior end of peristomium. These are regarded lobe UcUle organs. 


5. Eyes. There are four simple eyes situated on the surface of the prostomium. Each eye consists of a cup-shaped structure 
with a pigmented wall made up of radially arranged long, narrow retinal cells. 

Each retinal cell Is distinguished into three parts: 

(a) An outer nucleated part drawn out into a nerve fibre of the optic nerve. 

(b) A highly pigmented middle part or the main body. 

(c) An inner part forming a transparent cuticuUr rod of the hyaline layer. 

The cup is filled with a gelatinous matter forming the lens, which according to 
Andrews, is secreted by the retinal cells. The outer exposed general surface of the eyes 
is covered with epidermis, whose cells are more or less flattened, forming cornea. The 
cutide of the general surface also covers the eye. Retinal cdls are continuous with the 
epidermis at the edges, thus, forming a small opening of the cup towards corena, which 
functions as a pupil The retinal cells join by means of processes with the brain. 

REPRODUCTIVE SYSTEM 

Neanlhes is unisexual and the male and female may exbabit slight sexual dimor- 
pbian. The gonads Le. ovaries and testes are temporary organs, appearing only during Pig. 41.18 NemAes. TS. « Kg a»i Uowi.g 

breeding season. The breading season is summer, these gonads disappear after the cliuiedorg.^. 
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Fig. 41.20 Poropodium of Hdrroereit. 


liberation of gametes. In male NAumerilli there is only one pair of testies lying 
in each segment between the 19th and 25th segments in one of the segments. But 
in N.virens the testes extend in many segments around blood vessels. The 
gonoducis are absent. 

During breeding season the cells which detach from the coelomlc epithelium 
in male constituting the spermetogonium becomes disseminated throughout the 
coelom. These cells undergo rapid divisions to form spermatids which undergo 
spermiogencies to form spermatozoa. A mature spermatozoon consists of a minute 
rod-shaped heodind a vibretile tad. Similarly the oogonia in female separate into 
the coelomic fluid and after divisions form the ova which are found floating in it. 

The gametes are escaped through the nepbridia or by the rupture of body wall. 
A pair of dorsol ciliated organs are found in each segment of the body. Each 
ciliated organ is a small ciliated tract of folded funnel-shaped structure which opens into coelom by means of a wide aperture. 
It is believed that they arc like coelomoducts and act as gonoducis. During breeding season, they open to the outside by temporary 
apertures. 


Fig. 41.19 Hticroittrtis. 


HETERONEREIS PHASE 

N. dumerilli, undergo remarkable changes in external form and behaviour during breading season. At 
of the posterior segments arc filled with gametes. The parapodia arc also modified. The notopodia. neurop ^‘* more 
enlarged and the formation of additional foliaceous outgrowths occur. The old setae are replaced with muchi g . 

numerous and oar-shaped setae which are arranged in a fan-like manner. The old parapodia. 

muscles. This posterior region of body is sexual region or epaoke where as the anterior non-sexual region is referred to 


Following characteristics arc noted in hctcronereies phase: 

1. Heteronereis does not crawl on sea bottom but it swims actively on water surface. 

2. The eyes become enlarged and the animal property prccicves the light stimulus. 

3. The peristomial cini arc comparatively larger than Neanthes. 

4. Tbc intestine becomes compressed and functionless due to much development of the gonads. 

5. Special sensory papillae arc formed on the anal segment 


SWARMING 

Neanthes swarms on moonless night during summer amdes. This fertflizto is 

Females produce some substance called fertilium (not the fertilize, produced by eggs) wb.cn 
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responsible for stimulating and shading of gameiesfBtfrner, 1968). Swarming continues for about an hour or so. Female* die 
after liberation of eggs and probably make also. 


Table 2.1 

Deferences between Neanthes and Heteronereis 
Neanthes Heteronereis 


1. Neanthes is a non-sexual sluggish creature, 
creeping at the bottom of sea. 


Heteronereis is an active swimmer on the surface of water. 


2. Eyes normal and the worm is less sensitive to 2. 
light. 


Eyes become enlarged and conspecuous so that the heteronereis is 
very sensitive to light. 


3. The parapodia are thin, flap-like and non-vas- 3. 
cular. 


The parapodia of the posterior or the sexual part are large, highly 
vascular and develop leaf-like outgrowths. 


4. The setae on the parapodia are normal. 

5. Setae are arranged in the form of bundles. 


4. The normal setae are replaced by large, flattened and oar-shaped 
setae. 

5. Setae are arranged in fan-like manner. 


6. Sensory projections are well developed. 

7. Dorsol cirri arc less curved. 


6. Sensory projections become sbniken and the anal segment 
develops special sensory papillae. 

7. Dorsol cirri become altered. 


8. The intestine is well formed. 

9. Less developed for swimming. 


8. The intestine is compressed and becomes functionless due to 
development of gonads. 

9. Better adopted for swimming. 


FERTILIZATION 


Fertilization is external and takes place in sea water except Plcynereis megalop r where internal fertilization takes place. 
Here the male inserts Its anal segment in the month of female. TV sperms are passed into the coelom as the intensine is eroded 
in the coelomic fluid fertilization takes place. 


DEVELOPMENT 

•us tST" of ^ B,cb «* in • —■**- ■—*. w* 

(i)Outer membrane is very thin and delicate. 

soi ‘" , ‘ ndi,uy - fl,ercfore - u b taown ,s — Tht 
SrfZSL 1 ,' TV" rtT' ,nd ^ «“» - *» «* « ^omerea lying in 

,nd f °“' «" — -ards £ 
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SEE uockopkore before kaickiag. H-Pj* 
imehorto« larva with ikrte ^eiigerow* KgmettV 
Older Urva. J-ta«r •<«' *" 


Older larva. J —Laicr brva. after ikree week*. 

vegetal pole. The remaining cleavages arc also unequal. The f orth. Hfth and ty£of deavage 

three more quartettes of micromeres from the mega me res. The ■«“*<* J 1 * fourlh , re larger than the others. These are 
is termed spiral cleavage . One micromere of the second quartette and one of the fourtu are _ * 

respecUvely termed the first and secondsomatoblasts. 

Fore-runners of germinal layers are ready now. of^e™'^""’ ^ ^ 

endoderm and the second somatoblasts to the enure mesoderm and a pa 
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Gastrulation. Miaomercs divide and redivide lo cover four micromeres and descendants of somatoblast, except at 
blastopore. On the closing of the blastopore gastrulation is completed. 

Development of Trochophore larve. At the top of presumptive end. the fust quartern of micromeres differentiates into 
apical plate, which differentiates into cerebral ganglia and a tuff of cilia. A tuff of cUia develops slightly behind the apical plate 
and is known as prototroch. Stomodaeum (redimeni of mouth and oesophagus) develops as an ectodermal invagination and a 
similar invagination at the position of blastopore forms the proctodaeum. 

The cells drived by the multiplication of fust and second somatoblasts are amnged on the presumptive ventral side of the 
embryo and form the ventral plate. The ectodermal cells present along the ventral side are thickened into ventral nerve cord. 
The deeply situated derivatives of somatoblast give rise to mesodermal bands which develop into musdes of body wall and of 
alimentary canal. 

The development starts while the egg floats on water surface. 

Trochophore larva. The trochophore is rounded and transparent, it has a thin external ectodermal epithelium which is 
-thickened at the two ends and along an equatorial ring. There is a curved gut with a mouth, ectodermal oesophagus or 
stomodaeum, ao^ndodermal stomach, and an ectodermal hind gut opening by an anus. On the thickened parts of the ectoderm 
is an anterior ciliated apical organ with an apical ganglion below which is an eye spot, at the posterior end arc some large 
cilia and on the equatorial ring is a large cavity, the blostocoel having mesenchyme cells larval, mesoderm and a pair of larval 
nephridia, each made of two hollow cells, one of which contains a flame of cilia. There lies an otocyst near the nephridta. The 
trochophore is a small, ciliated larva which is without segmentation and also lacks coelom. 

An important point to be noted in the development of Neanihes is that the fate of every cell in the early embryo k 
predetermined. Study of following the fate of cells is called cell-linegge. 

In Neanihes, the trochophore >tage is passed within the egg membrane and the ciliated nectochaetes larva comes out of the 
egg. It possesses three segment and bristles. 

Metamorphosis. The nectochaetes larva swims about freely for a few days, feeding on microorganisms and then undergoes 
metamorphosis to become a young worm. Metamorphosis begins with the elongation of the lower region becomes constricted 
into segments which soon develop bristles. The ciliated bands disappear and the upper part of the larva becomes the head. The 
part of larva behind prototroch elongates and develops on its sides two pair of invaginations called setigerous sacs. Long setae 
grow out from the setigerous sacs. A third pair of setigerous sac with projecting setae is also added. The mesenchymal cells 
multiply and form a pair of mesodermal bands one on either side of the gut. Superficial division of body into segment is 
accompanied by internal segmentation of mesodermal bands into three pairs of somites. Each somite develops a cavity, the 
coelom. Both the somites of each segment unite above and below the gut forming the dorsal and ventral mesenteries. Later on 
the ventral mesentray is disappeared . The coelom obliterates the blastocoel. The part anterior to prototroch modified into the 
prostomium. The part behind prototroch gives rise to the peristomium. The part bearing the anus is continually pushed 
backwards as new segments are formed in front of it Tentacles, palps, parapodia with their cirri and permanent setae arc formed. 
Larval setae are dropped. Larval nephridia are replaced by permanent nephridia. The young worm settles down on the bottom 
and changes into the burrowing adult worm. 

* • SIGNIFICANCE OF TROCHOPHORE 

The trochophore larva has much significance since it is found widely in different groups such as as Turbellaria, Mollusca, 
Bryozoa, Nemertinea, Annelida etc. It has much rcsemblence with adult rotifers. The early development of the animals of these 
groups is almost identical and their trochophore stages are also similar in many respects. The differences in their development 
*nsc aflcr the trochophore stage. The affinities of annelid trochophore can be discussed as follows: 

I. Affinities with adult ctenopbore 

Similarties 

1. Both have oval or pear-shaped body. 
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2. The apical sensory plate is compared with the aboral 
sense organ of ctenopbore. 

3. Subectodermal radiating nerves are comparable in 
both the cases. 

Differences 

1. Anus is present in trocbopbore but absent in 
ctenopbores. 

2. Cleavage pattern is different in both. 

II. Affinities with Rotifer* 

The adult rotifer shows following features of 
similarities: 

1. Presence of ciliated bands. 

2. Position of anus. 

3. Presence of nephridia. 

4. Disposition ofbraln and sense organs. 

m. Affinities with Mailer's larva orTrubellalra 

Muller's larva of Planocera shows following 
similarities: 

1. In the position of ciliated bands. 

2. Presence of eye-spots at the aboral end. 

3. Similarities in the development 



Fig. 41.22 HttmOut. A typical trockopkore larva. 
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PHERETIMA POSTHUMA 


The earthworm belongs to the class Olgochaeta and is represented by about 1000 specks. These are cosmopolitan in 
distribution except Artie and Antirtic regions. There are several genera of earthworms including Lumbricus of Europe and 
North America. The common Indian species is Pheretima posthuma. It is found in South-East Asia, Japon, Sri Lanka and 
Australia. Drawida is the chief genus of South India. Megascolex found in south, India, Sri Lanka. Australia, North New Zealand 
and Tasmania. Eutyphaeus is restricted to Gangs tic plain. The genus Phertiuna has nearly 500 specks of which 13 arc 
exclusively Indian. Professor /CM. Bhal brought out an elaborate monograph on P.posthuma which broadly applies to moat 
species. The following description is based on the monograph. 


SYSTEMATIC POSITION 


Phylum 

- Annelida 

Class 

- Oligochatea 

Order 

• Opisthoproa 

Genus 

- Pheretima 

Spedes 

- posthuma 


HABITAT 

■ The earthworms live in the moist soil rich in dead organic metiers or humus, in the temperate and tropical regions. They 
pitfa loamy or pasihy sandy soil of old pastures, lawns and garden. They do not prefer very clayey or acidic soila. According 
to/i^ruon, one acre of land may contain 50,000 earthworms, on an average. The earth worms prefer moist sofl aa their habitat 
fof various purposes. Respiration takes place through the skin, which the wet so0 keeps moist for the diffusion of gases. In the 
stto they obtain their food materials. The moisture and humus make the earth soft for burrowing. 

HABITS 

1. Burrowing. They lives in burrows for the protection agsinst enemies and unfavourable conditions. It makes Its burrow by 
simply pushing the body through the soil, if it is soft, or by eating the soil, if it is hard.’ The burrow rum almost vertically 
into the earth and may be upto 45 cm. deep and its walls are plastered by the secretion of akin-glands. The deeper end of 
the burrow is rounded and specious so that the worm can take a turn. In cold weather the opening of burrow is dosed by 
dned leaves or characteristic casting of the worm. During dry season the worm descends much deeper (180-210cm). 
insearch of moisture. During rainy season, when the borrow gets flooded with water, it comes out on the surface. 

Z b ! naunu !‘ b * liV “ “ "* blurow durin * d *y »»<oomc. OHl to to. night for food, which 

consists of decayed leaves, organic and other animal matters. 

3 ' m ‘ aa -J msea ' “ *“ ^ .long wito toe .oil by socking .ebon of 
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at night or early in the morning before sunrise. Each worm lays its ova and sperms in an egg-case or cocoons are laid in 
moist soil. A single worm develops in.one cocoon. 

5. Regeneration. There is considerable power of regeneration in earthworms by which they produce some segments which 
are removed or damaged. 

6. Grafting. It is a process by which a small piece of animal is inserted into another worm or its any other part so as to form 
organic union. A very small worm can be formed by cuning away from its middle a piece of several centimeters and grafting 
the two ends together. 

7. Enemies. There are several natural enemies of earthworms. These are frogs, birds, hedgehogs, centipede etc. Bacteria and 
Minocystis are also harmful to these animals. 


prostomium- 


EXTF.RNAL FEATURES 

Shape, size and colour. Phereiima posiluima has a long narrow body 
which is bilaterally symmetrical. The anterior end is tapering while the 
posterior end is more or less blunt. The thickest pari of the body is always 
situated a little behind the anterior. The dorsal surface of the body is easily 
distinguished by the presence of a dark median line of dorsal blood vessel 
which runs throughout the length of the body just below the skin, while the 
ventral surface is distinguished by the presence of genital openings and 
papillae in the anterior part of the body. Size varies from species to species 
and individual to individual of same species. A mature earthworm. Phereiima 
posihuma may attain the size upto 150 mm in length and 3 to 5 mm in 
thickness. 

The colour of most species is dark brown, the dorsal surface is bit darker 
then the ventral. 

Segmentation. The body is divided into 100-120 segments called 
metameres. Externally the metameres are marked by circular grooves ca led 
annuli Similarly, internally the segments are marked by partitions, calico 

S<P< a - y. 

Perbtonriura. A distinct head b absent in the earthworm. The first 
segment is called perisiomium containing mouth. The : 

prolonged anteriorly into a small fleshy lobe, the Xbc pros- 

tomium is of proepibolus type as it slightly encroaches upori tt= * 

between both i.e. peristomium and prostomium there is a dislmci groove, 
eyes, tentacles as present in Neanihes are absent here. 

Clitc Hum. In the adnl, earthworm the fo "^ n “ *'“ ra Ft* alt 
divides the body into three regions, namely anterior pre c g 

region. , . _ in the middle of 

Setae- In a„ segments except the 

each segments. They project pi*,lima the setae are arranged in 1 " ng ■ “ “ C )ht \ n directed 

Anal segment. The las, segment of the body bearing the slit-like opening, the anus, is cal 



VeBl^lvkwof£o«*"•*» ^,, - 
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Apertures. The earthwonh has following apertures: 


(i) Mouth, the crescentic mouth is located at the anterior end of the peristomium. This 
segment shows longitudinal wrinkles and its dorsal edge projects focwuds above the 
mouth as a fleshy lobe called prostomium. 

(ii) Anus. It is slit-like aperture located at the posterior end of the anal segments. 

(iii) Female genital pores. A single median female genitle pore lying on ventral-side of 



Fig. 42.2 Phrrelima. Aiicrlor rid. 


14 segment 

(iv) Male genifle apertures. A pair of male genital pores lie on the 18lh segment In 
line with the male genital pores, the 17th and 19th segments bear a pair of genital 
or copula lory papillae. Each papilla has a shallow pit which looks like an aperture. 

(v) Spermathecalpores. These are four pairs of spermathecal openings located on the 
ventral side in the grooves between the segments 5/6, f>P, 7/8.8/9. Through these 
pores spermatozoa are received from other worm during copulation. 

(vi) Nephridiopores. These are minute pores which are scattered inegularly over all 
the segments except the Tint two. Through these pores excretory organs called 
neplwidia open out. 



(enute gtnerauve 
•perturt 


|miulp«*«ll*c 

^Vjnile generative 
^ aperture 

lauulpipilU 


(vii)Dorsal pores. These are minute openings lying on the mid-dorsal line in the grooves Fig. 42 J PW-g Venn! view abowi.g 

between the segments. The first dorsal pore is located between the 10th and the ®* ,lul 

1 ltb segments. The dorsal pores art the openings of the coelom to the exterior. 


BODY WALL 


The skin or body-wall is thin. soft, elastic, delicate and moist and consist of following layers from outside. 


Cutkle.The cuticle is thin membrane investing the whole body. It is 
entirely non-cellular in nature and consists of an inner and an outer 
transparent layer and a thinner and deeply staining middle layer. It bears 
many perforations through which the epidermal mucous gland cells open 
out. It is made up of a collagenous protein and polysaccharide along with 
a little amount of gelatin. The cuticle is secreted by the supporting cells of 
the underlying epidermis. 

. Epidermis. The epidermis is a single layer of cells lying beneath the 
cuticle. It consists of four types of cells, gland cells, supporting cells, basal 
cells and sensory cells. 

(a) Gland cells. The gland cells are of two types: 

(i) Mucous cells and (ii) albumen cells. 

(i) Mucous cells, which are numerous and ovoid. Each mucous cell 

... has a broad distal end and a narrow proximal end, containing 

cytoplasm and nucleus. 

(ii) Albumen cells. There are few in a number and each has secretory 

granules distributed throughout the cell and the nucleus in the 
proximal end. \ 



F*g- 42.4 ArnnW VS. Body will. 


■M* C ‘“‘- TlC n*™w wiU, ovj nucleus in ike middle cfesd, cells. They fom, the 


bulk of^pidermis. 

•* /)* 


cells. These are small, conical and rounded with a nucleus. These cells are situated between the inner ends of 
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supporting and gland-cells. 

(d) Sensory of Receptor cells. These cells are 
found in groups and receive the stimuli, hence are 
known as receptor cells. In appearance they are like the 
supporting cells but bear hair-like process at their outer 
ends. 

Musculature. It lies beneath the epidermis and 
consists of an outer thin layer of circular muscle fibres 
and an inner thick layer of longuudinal muscle fibres . 

The longitudinal muscles fibres arc arranged into dis¬ 
crete bundles separated by connective tissue septa. 

These bundles runs longitudinally. In the zones of setae 
the bundles of longitudinal muscles are separated by 
setae. 

Fig. 42-5 Pktrtum * A pin of body will skowiag KUC. 

The muscle fibres are unstripcd. long and spindle- miic -ir fibres 

shaped. Pigment cells, connective Ussue. nerve fibres and blood capillaries are found among the c.rcular muscle fibres. 

Musculature of seta! sac. The seal sac .rises .s .n invagination in the epidermis .nd is 
and neck. To .be basal pari of each seul sac are applied two sets of musdes the P ™*™ 
muscles passing outwards to join the circular muscles, passrng inwards to join the ctrcular muscles while the reuactor m 
passing inwards to join a thin sheet of circular muscles which lies immediately above the parreul layer P '^ „ 
These muscles are responsible fo, the movement of setae during locomotion. The seue remain and secreted by the l.tge cel! 

of seul sacs. 

Functions. The body wall performs several functions which act: 

1. It protects the internal more delicate structures from mechanical injury. 

2. The cuticle checks excessive evaporation. 

3. It is thin, moist and vascular, through which eachange of gases takes place. 

4. Mucous secreted by mucous glands of epidermis kee* the body surface dean, tree and slimy and cements Urn waft 

burrow of the worm. 

5. Receptor or sensory cells receives the external stimuli. 

6 Seue, the organs of locomotion, are lodged in the body wall. 

r The albumen secreted by albumen gland, screes as the food fo, the worm, developing inside the ootheca. 


I, is a large perivisceral cavity between the body wall and , l.me.ar y reMU. u ireod bypd ^ ^lom 

and C" ■»< “ '—“n by a region of transversely placed sepu. each o 

is no. .continuous cavity, bu, is partitionedrenal on the other. Each *1*"" 
which is inserted into the body wall on one band ■« « ■» J of Toelomic epithelium. Certain .«»>■: 

a thin layers of interlacking muscle fibres!Coelom o the first four segment, dte fust . pet- of thererie. 

Ilieissgsiss 

The sphincter muscles regulate the opening of these apertures. 
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II is thought that the coelomic fluid can be 
restricted to certain segments by the closure of these 
apertures, which make those segments turgid and aids 
to the firmness with which the setae art fixed to the 
ground during locomotion. 

Coelomic fluid. The perivisceral cavity is filled 
with a colourless or milky alkaline fluid known as 
coelomic fluid. The fluid consists of four types of 
coelomic corpuscles which are as follows: 

(i) Circular nucleated cells. These are round and 
nucleated and possess clear protoplasm. There are also some markings on the general surface and these are about tea 
percent of the coelomic-corpuscles. 

(ii) Amoeboid corpuscles or phagocytes. These are numerous and the largest. Each has a deep concavity on one aide and 
is provided with several folds. Each phagocyte has also many ingested granules e.g. t bacteria. 

(ii*) Chloragogen or yellow cells. In number, they are as many as phagocytes but are smaller in size. Each cell gives out 
numerous vesicular projections. 

(iv) Mucocyies. These are enlongated cells, each consisting of a nanow nucleated body with a broad fan-like structure. 

The major part of plasma, in which coelomic corpuscles are found consists of water, some proteins and salts. 

Coelom opens to the outside through dorsal pores and ejects coelomic fluid which kills myriads or bacteria of the soil. 

Functions. The coelomic fluid performs a number of functions which are: 

(i) The coelomic fluid helps in distributions of digested food material. 

(ii) It keeps the body moist for respiration. 

(Hi) It destroys bacteria and harmful parasites. 

(iv) It aids in excretion by eleminating yellow cells, which arc full of waste products. 

(v) The luminosity produced by some earthworms is due to the coelomic fluid. 

(vi) It helps in locomotion by causing lurgidity. 
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Fig. 42.6 Pheretima Coelomic corpuclca. 
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LOCOMOTION 

contraction .Med by the leverage .(Toeded by the seue bnng .be, the locomotion of to of «““ ,on •“* 

muscular contractions is maintained by reOexs p.ssed on from one segment to next , ° f w * v “ of 

P “"‘ along -be venual nerve cord. The contnction of bod, the i are ““ by 

• hypothetical earthworm 

•l its thickest and shortest with setae proved and ** C0I ? >Cted ’ * c ***** « * whole is 

contracted are at their most elongate and thinnest, have their setae wj L n ^ ^ Ocular muscles are 

—* Uc withdrawn and are not in contract with the ground. 
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Fig. 42.7 PhertUm* Skowiag locomoiion. 


The body of earthworm moves forward more rapidly. 

The worm covers a distance of about 25 cm. in one minute. 

However, it can also move backwards by reversing the 
direction of the setae. When disturbed, the earthworm 
performs violent, irregular and jerky movements. The 
worm can not move over a smooth hard surface like glass 
plate. 

DIGESTIVE SYSTEM 
The digestive system comprises: 

1. Alimentary Canal. 

2. Digestive glands. 

Alimentary canal.The alimentary canal is complete. 

It is straight tube ofvaryingdiameter.lt runs through the 
entire length of the body from the mouth at the anterior 
end to the anus at the posterior end. It is held in position 
by the successive transverse inter-segmental septa. The 
alimentary canal comprises following parts: 

1. Mouth. The mouth is a crescentic aperture situated on 
the anterior face of first segment, the peristomium. It 
is over bung by a small fleshy lobe, the prostomium. 

It opens into the buccal chember. 

2. Buccal chamber. Tbc buccal chamber extends up lo (be middleof3rd 

chamber is protrusiblc and acts as an organ of ingestion of food. The buccal chamber leads into pear ped 

pharynx. 

3. Pharynx. The buccal chamber leads into a spacious pear-shaped muscular p/miynt. "***"*?* “J^vityU 
Its anterior end is marked by a nerve ring placed in a groove between ,« and 

dorso-ventrally compressed due to the presence, on its dorsal roof. of. Selves 

secretion. The lateral walls of the pharynx are pushed mside forming chamber and a ventral or 

meet anteriorly and posteriorly, thus dividing the pharyngea cavi y in u poured into the salivary chamber. 

conduc tine chamber. The salivary secretion, containing mucus and proteolytic enzymes, is poured into in 17 

4. Oesophagus. Pharynx is followed by a straight nanow. long tube called oesophagus. Tins thm walled tube exten 

6. Stomach. Gizzard leads into stomach. which calends &om9th tc>I«ft^“^“‘f.nduU, folds ba.e cu/c^rourgWr 
with sphincters. The walls of the stomach >; e folded ^ascnlar and £«" Ooid % bicb neutralises the acid.c elfeot of 
found only in Eutypha'us and Lumbrkus. These cells produce a calcareous 

decomposing leaves, that are taken as foods by the earthwonn. ^ cxttndlag ^ u* 15th 

internal linings is ciliated, folded, vascular and glandular. 

The intestine is divisible into three parts: —ryphloaolar region. In 

(i) Pre-typlilosolar region, the firs, part of die intestine lying between segments 15 lo 26 b the 
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this region the lining of the intestine is folded to form villi which ire 
extremely visculir. In the 26th segment, two short ind conicil outgrowths, 
one on either side, ire given off from the intestine, these ire called the 
intestinal caeca. These extend forwirds over three or four segments and 
hive a special blood suply; internally they have many longitudinal folds 
which appear as villi in transverse sections, epithelial cells being highly 
vascular and filled with secretory granules. Clien and Puli (1941) believe 
that these caeca are digestive glands and secrete an amylatk enzyme which 
digests starch. 

(ii) Typhotosotar region. This pari lies between 26th segments up to 23-25 
segments in front of the anus. This is characterized by the presence of a 
highly glandular and vascular longitudinal ridge, arising as a median 
ingrowth of the dorsal aspect of the intestinal cavity. Tins is called the 
typliolasole. 

(iii) Post- typholosolar region. It occupies last 23 or 25 segments. It is without 
a typholosolc and also called as rectum. It contains small pallets of mud 
which are passed out from the anus in the form of castings. 

8. Anus. It is a slit-like aperture on the posterior face of the anal segment. 

HISTOLOGY 

The wall of alimentary canal consists of four layers in succession. These from 
outside to inside are: 

1. Perllhoneum. The outermost covering is formed by peritoneal epithelium, 
which consists of tall and narrow cells. In the stomach and intestine some of these 
cells arc full of yellow refractile granules, beet called, yellow or cliloragogen 
cells. 
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Fig. 42.8 Pheretima Allmcaury caul 


Barnes. (1968) mentions that cbloragogen cells play a viul role in intermediary 
metabolism similar to the role of liver in vertebrates. Cbloragogen tissue is regarded 
lobe the chief centre ofglycogen and fat synthesis. It is also regarded that deamination 
of protein, formation of ammonia and synthesis of urea also occur in these ctlls. 

Serna! Van Gansen( 1956) pointed out that in terrestrial species, the silicates got from 
food material and soil are removed from the body. Histologically, cbloragogen tissue b derived from the peritioneum and its 
colour is due to the presence of green-yellow lipid inclusions. Cbloragogen cells are released into the coelom as free cells known 
as clcocytc s. Liebman (1946) describes that 

eleocytcs have food reserves and migrate as aaiatic «uoOar utaoc 

different tissues of the body including develop- dorwiv 

ing egg. Semal-Vnn Gansen regarded ' 

eleocytcs as degenerate cbloragogen cells, •«**!•»« of 

which are destroyed by phagocytic ^pharyngeal 

coelomocytes. ^gtaodcdla 

2. Musculature. It forms the second layer. In 
consists of an outer layer of longitudinal 
muscle fibres and an inner layer of cir¬ 
cular muscle fibres. Both these layers are 
well developed in pharynx and oesophagus 
but ill-developed in intestine. In the giz- 
zard the main bulk of musculature is rep¬ 
resented by circular muscle fibres onli 
All the muscles are unstriped. - ' 
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3. Internal epithelium. It consists of tall columnar cells covered 

with ill in cuticle in buccal cavity. In pharynx the columnar 42.11 

epithelium is ciliated on the roof and devoid of cilia on the 
floor. Oesophagus has tall columner cells. In gizzard small cells are covered by thick internal cuticle. The epithelium in the 
intestine has long and narrow absorptive cells and glandular cells have vacuolated appearance. 


II. Digestive glands. There arc three types of digestive glands which arc associated with the alimentary canal: 

(i) Pharyngeal mass. It lies over the pharynx and consists of glandulo-muscular tissue with abundant blood supply. It 
secretes a proteolytic enzyme and mucous. 

(ii) Gastric gland. They occur in the entire epithelial lining of stomach which secrete protelyic enzymes. 


(iii) Intestinal glands. They occur in the entire epilhelium of intestine. They secrete protcloylic. amylolylic and lipolytic 
enzymes. 

Food and feeding mechanism. The food of earthworms is decaying animal and vegetable matters which are P res *"‘‘ n 
soil. They lake large amount of soil from the earth that passes through the gut. They also feed directly upon dry lcav “’^ * 
algae etc. For taking food, they expand the pharynx by the contraction of muscle-bands connecting the pharynx wi y 

cavity. The enlargement of pharyngeal cavity draws the food into the buccal cavity by sucking action. 

Digestion. In earthworms digestion is extracellular. Tlie digestive fluid poured in Pharynx contains mucin t and some 
.«I.,||.» ..nft/mrt Miifin luhrirair* ih.- foods and cit/vinc starts digestion of proteins. Nothing nappe 


proteolytic enzymes. Mucin lubricates the foods and enzyme starts digestion 
oesophagus. The food is ground up in the gizzard. 

The soil particles swallowed with the food probably help in the 
grinding operation. This grinding may be called mechanical diges¬ 
tion since it facilitates the subsequent action of the digestive 
enzymes. In the stomach another proteolytic enzymes are poured 
which digest more protein. In Lumbricus calcium is secreted by 
calcifcrous gland which probably ncutcralizcs the humic acid 
present in the soil. The final digestion of food lakes place in 
intestine. Here proteins arc hydrolyzed into amino acids by 
proteolytic enzymes like trypsin and pepsin, starch into sugar y 
the diastase and fats into fatty acid and glycerol by lipase. Intestinal 
digestive juice of earthworm corresponds with pancreatic juice of 

higher animals. The passage of food in ihe alimenlary o»aM* 
caused by peristaltic movement of the gut wall. 
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circular and longitudinal muscles. 
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Absorption and Assimilation. The digested food is absorbed by the absorptive cells of intestine and is passed into the 
blood-stream for distribution. The food is ultimately converted into protoplasm of the cells (assimilation). The typhlosole 
increases the surface area for absorption. 

Egestion. The undigested food material is passed out with the large quantities of the earthworm through the anus in the 
form of casings. The castings of Pheretima are in the form of small rounded pallets or balls, while those of Eutyphaeus are in 
the form of heap with an open passage in the middle. 

Lymph glands. There are one pair of glands situated on the dorsal surface of the intestine on both the side on dorsl 
blood-vessel from 26th segment up to the last segment. Each lobule contains phagocyte or amoebocyte. These glands help in 
breaking up the waste products including cysts and spores of Monocystis. 

RESPIRATION 

Moist skin is the only organ of respiration. It carries on exchange of gases between the environment and the body. Oxygen 
diffueses across the outermost cells of the skin to the blood. The Wood contains a respirator pigment called haemoglobin, 
which greatly increases its capacity for oxygen absorbing. Oxygen combines with haemoglobin to form oxybaemoglobln. 
Oxybaemoglobin gives up oxygen once again to tissues which have a low oxygen tension. In the cells oxygen is utilized in 
the oxidation of food to liberate energy, besides carbon dioxide is also liberated as waste product. Carbon dioxide is diffused 
out in the blood, blood with carbon dioxide returns to the skin from where it is diffused out in the surroundings. 

CIRCULATORY SYSTEM 


Earthworm has a system ofvessels or tubes in which red blood circulates which transports, oxygen, carbon dioxide, digested 
1 ood .nd mjng'nous w«te ,o .nd from the p,m of !h t body. A rn.uporu.io,, s y sl «n, in wbid, blood draiUtct ,lw.„ In 
tubes, is called a closed circulatory system. 1 


The circulatory system comprises: blood vessel, hearts and blood glands. 

I. Blood. The: blood is composed of. fluid plasma and colourless corpuscles which can be comparable to the leucocytes 
of vertebrates. Haemoglobin occurs dissolved in the plasma which gives red colour to the blood. ** 
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2. Blood vessels. The arrangement of blood vessels is very comolin^ tk- . 

' from the arrangement of blood vessels in rest of the txxlv ^ emenl in *** first 13 segment is different 

h “ din 8* ««y. Thus ,t * easy to describe the circulatory system under two 

I. Arrangement of the blood vessels behind the thirteenth segments 
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II Arrangement of the blood vessels in the first thirteen segments. 

1. Arrangement of the blood vessels behind the thirteenth segments. In this region there are three main longitudinal vessels 
namely. 

(i) Dorsal vessel 

(ii) Ventral vessel 

(iii) Subneural vessel. 


(i) Dorsal vessel. Dorsal vessel is the largest of the three longitudinal vessels. It runs throughout the length of the body 
in the mid-dorsal line between the alimentary canal and the body-wall. Its walls are thick and muscular. It shows 
rhythmical peristaltic contractions from behind to the front. The backward flow of blood cannot take place as in this 
vessel, a pair a forwardly directed valves are found in its lumen in front of each septum. During contraction-movement, 
the two flaps of valve close down, thus, preventing the backward flow of blood. 

In this region dorsal vessel receives blood and thus serves only a collecting vessel but docs not distribute the blood. In each 
segment, it receives two pairs o( dorso-intestinal vessels collecting blood from two pairs of transverse vessels encircling e 
intestine. It also receives, in each segment, pair of commissural vessels one on each side, which are ventrally connected with 
the subneural vessel. Commissural vessels run along the posterior face of the septum, one on either side and receive capillaries 
from the body-wall and nepbridia. 

(ii) Ventral vessel. It is a large vessel that runs mid-vcntrally below the alimentary canal and above the nerve cordIfrom 
one end of the body to another. Its walls are thin and non-contracUle and the valves are altogether absent. Ifie 
flows through it posteriorly. 

The ventral vessel is pricipally a distributing vessel. I. supplies blood, in each segment through a ***££*££* 

vejjc/jtolhe integumenlarynephrid,a.body wall.septaand rep, oduettve organs. Behmdslhel3thsegn.enmchvent.^Kg^^ 

tary vessel sends a small branch, a septo-nepliridial branch, supplying the septal nephridia. Besides these, 
in each segment behind the 13 gives off a median ventro-iniestinal vessel to the intestine. 

(iii) Subneural Vessel. The Subneural vessel runs mid-ventrally below the nerve cord Iww ' l4 jJ 

1. is. thin vessel, the blood flows backwards in the Subneural vessel as in the ventral vessel. It is a collecting 
and collects blood from the ventral body wall and gives some blood to the intestine., 

II. Arrangement of blood-vessels in the first thirteen segments. In this region the do rsal mdI the ™^Ti.e. 

as such up to the anterior end whereas the Subneural bifurcates into two lateral oesophageal vessel 

supraoesophagcal vessel is formed on the 

oesophagus. commissural intestinal anterior face 

...... posierior lace vernl vesiela ofseptim 

of septum 


oesophagus. 

(i) Dorsal vessel. In the first 13 segments 
the dorsal vessel acts as distributing 
vessel. It sends out all the collected 
blood from posterior region of the 
body into ventral vessel through the 
hearts. By a pair of branches in each 
segments. 3rd. 4lb. 5tb. 6th and 8tb. to 

pharyngeal nephridia, oesophagus and 
gizzard respectively. In extends up to 
the cerebral ganglion in the middle line 
of the 3rd segments, where it is divide 
into three small branches supplying 
blood to pharyngeal mass and the roof 
of buccal cavity. 

(ii) Ventral vessel. It extends anteriorly 
upto the second segment of the body 


commissural 

vessel 


dorsal vessel 

guprainlcsimaJ 
eicrtiory duels 

lypMosole 

sepo-intestinal 
vessel 

vcniril vessel 
suboeural vessel 


cejumenury 

vessel 



transverse 

vessel 

venm> 

intestinal 

vessel 

ventral 
oc/ve cord 

septo-nephridial 

branch 

ta**"-"* 

csp-lUne* 

body-wall 


Fig.42.14 Blood b !•»>“' 




Pherelima posiluima 

and sends blood to the integument, neptaridia. sepu and reproductive organs through a pair o( ventrotegumentary vessels 
in each segment. Ventrointcstinal vessels are absent in this region. 

(iii) Supraoespliageal vessel. It lies on the stomach from the 9th segment to the 13th segments. It is a collecting vessel as 
it collects blood from gizzard and stomach, it also receives blood form the lateral oesophageal vessels by two pairs of 
anterior loops. Hie loops are present in 10th and 11th segments. It sends the collected blood to the ventral vessel 
through latero-oesopliageal hearts. 

(iv) Lateral oesophageal vessel. These are two vessels and lie on either ventro-lateral side of the gut running from the 
anterior end of the body up to the 13lb segment. These receive a pair of ventro-iegumeniary vessels in each segment, 
collecting blood from the body wall. sepu. nepbridia and reproductive organs. Rowing posteriorly, some of its blood 
passes to the si/prn-oesophagcal vessel through a pair of anterior loop in each of the segments 10 and 11 and through 
several ring vessels running through the wall of the stomach. The rest flows backward into the sub-neural vessel. 

(v) Ring vessels. The stomach possesses in its muscular wall, some circular vessels of typical nature, known as ring-vessels. 
These are nearly 12 in number in each segment. They convey the blood from lateral oesophageal to the supra- 
oesophageal. 

3. Heart. There are four pairs of beam, one pair each in 
7th, 9th, 12th and 13th segments. They pump blood from 
the dorsal to the ventral vessel. They possess valves to 
check backward flow of blood. Since the hearts of 7tb 
and 9th segments connect the dorsal and ventral vessels, 
they are called lateral hearts. They possess four valves 
each. The hearts of 12th and 13th segments communicate 
both the dorsal and supra-oesopbageal vessels with the 
ventral vessel and are designated as the lateral 
oesophageal hearts. They possess three valves each. 

4. Blood glands. There are several small red follicular 
bodies just above the pharyngeal mass in each of the 
4th, 5th and 6th segment. These are called glands and are 
connected to the salivary glands. The follicles have 
syncytial wall enclosing capsule conUining mass of 
loose cells. These glands manufacture blood corpuscles 
and haemoglobin and also supposed to be excretory in nature. 


OOCMJ 



Uuro 


venire) 
vend • 
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CIRCULATION OF BLOOD 

The flow of blood is from behind forwards in the dorsal vessel and from in front backwards in the ventral and suboeural 
vessel. The ventral vessel supplies blood to the body wall septa, nephridia, reproductive organs etc through the ventro-tegumen- 
Ury vessels and to the gut through vcntro-intestinal vessels. This blood is collected by the lateral oesophageal and subneural 
vessels. In the first 13 segments blood from gut, body wall, nephridia. septa, gonads etc. is collected by lateral oesophageal 
vessels and anterior loops. From gizzard and stomach blood is collected by supra-oesophageal which eventually ,ts 
blood to the ventral vessel through lateral oesophageal hearts. In the intestinal region the dorsal vessels collects blood 
gut wall through dorso-intestinal and from subneural through the commissural vessels which also receive blood from the body 
wall, septa, nephridia etc. From the gut wall, the dorso-intestinal vessels carry Wood to the dorsal vessel. Thus the dotulvcua 
it collecting vessels in the intestinal region where as it is distributing vessel in the first 13 segments supplies blood to the gu 
and to the ventral vessel through hearts. 


EXCRETORY SYSTEM 

The organs of nitrogenous exaction consist of segmentaUy arranged tubules called nephridia which are aI * ' 

segments of body except the first two. In Phereiinu there is a large number of small-sized nepbndia in esc g 
nephridia are called micronephruiia or meronephridia. 

• Nephridia are of three types according to their position in body: 


(i) Scptial nephridia 

(ii) Integumentary nephridia 


(iii) Pharyngeal nephridia. • 

(i) Septal nephridia. Sepul nephridia occur on ‘"^TrZ"i*ofte in^dK.They vary 

segment They are arranged in two rows on each face of the ptu , S eptial excretory canal. The 

frwii 80-100 per segment The terminil ducts of all .he nephndu m each raw open to* . 
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two septial excretory canals run upwards along the septum and open into a pair of supra intestinal excretory ducts 
which are situated side by idea in the mid-dorsal line above the intestine and below the dorsal vessel extending from 
25th to the last body segment. These longitudinal excretory ducts open the intestine in each segment through narrow 
ductules near the septum. Since the septial nephridia open into the gut, they are described as enteronephric. 

Each nephridium consists of three main parts: 

(a) Nephrostome or Funnel 

(b) Main body 


(c) Terminal Duct 

(a) Nephrostome or Funnel. The ciliated funnel or nephrostome is the structure by which each nephridium opens Into the 

coelom. It . is a rounded bilabiate structure, apical limb 

having a slit-like opening by which 
nephridium communicate with the coelom. 

The funnel consists of a central cell and an 
upper lip of 8 or 9 cells and a lower lip of 4 or 
5 cells. It is followed by a short, narrow and 
ciliated tube, called the neck, which is bent on 
itself. The neck joins the main body of the 
nephridium. 

(b) Main body. It consists of a short straight lobe 
and a long spirally twisted loop. The straight 
lobe is rounded at its distal free end but is 
continued at its outer end into the twisted loop, 
which is more than double the length of the 
straight lobe. The twisted loop can be distin¬ 
guished into proximatand distal limbs, which 
are spirally twisted around one another. The 
distal limb is connected with the straight lobe, 
while the proximal limb is connected with 
the neck, ciliated funnel and also given of a 
terminal nephridial duct There are four 
ciliated tracts along the nephridial tubule. 

The nephridium is made up of a glandular mass. 

There is a single tube in the neck and terminal duct, 
while there are four in the straight lobe, three in the 
basal and two in the apical part of each limb of the 
twisted loop. 
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Terminal duct. The terminal ducts of nephridia open 
into a pair of septal excretory canal, which runs 
inwards along the septa which are described above. 

Integumentary nephridia. Integumentary nephridia 
arc small sized, they have no funnel or nephrostome 
and are of the closed type with no opening into the 
coelom. Each integumentary nephridium is V-shaped 
with a short straight lobe and a twisted loop its 
lumen has two ciliated canals. These nephridia 'are 
attached inside the lining of the body wall from the 
Hi to the last segment, there are about 200-500 in 
eacbditellar segment. Each nephridium opens by a 
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nephridiopore on the outer surface of the body wall. Because the integumentary nephridia discharge waste externally 
they are exonephric micronephridia. 

(iii) Pharyngeal nephridia. The pharyngeal nephridia are similar in size and structure to the septial nephridia as described 
above, but are lacking in coelomic funnels. These nephridia occur in paired massed, in segment 4th, 5th, and 6th lying 
besides the pharynx and oesophagus. Their terminal ducts join together to give rise ultimately to one pair of ducts in 
each of the segments 4th, 5th and 6th. The ducts of the pharyngeal nephridia of the segment 6th open into the buccal 
cavity in the 2nd segment, whereas the ducts of the nephridia of segments 4th and 5th open into pharynx. The pharyngeal 
nephridia are interwined with blood glands referred to above. 

Physiology of Excretion. Nephridia are chiefly organs of osmoregulation. Nephridia are richly supplied with blood vessels 
and lined by cilia. The epithelial cells extract waste material, chiefly urea, from the blood. The waste material travel from the 
body of the nephridium to its terminal duct which discharge It either directly to the exterior or into the alimentary canal. 

Working of nephridia covers three functions, filtration, reabsorption and chemical transportation. In open septial nephridia 
Alteration takes place at the funnel, but in other forms of nephridia Le. integumentary and pharyngeal, filteration takes place 
through the walls of nephridia. Filteration through nephridlal waU from surrounding Wood vessel also takes place in septal 
nephridia where its parts are quite narrow. The filtrate consists of blood plasma minus the colloids together wjthwlomic 
plasma. As the filtrate passes through the fine vesseU in the nephridia Urge amount of useful substances are reabsorbed like 
glucose, amino acids, phosphates, chlorides etc. The process is called selective reabsorption. Finally a protein-free urine 
containing ammonia, urea and allantoin is put out of the nephridia. 

The urine of earthworms is hypotonic as contains a far lower concentration of salt than do the blood and coelomic fluid. 

Some excretory matter got rid off when the coelomic fluid passes out through the dorsal pores. 


NERVOUS SYSTEM 

The nervous system is well developed in earthworms and it com¬ 
prises of: 

1. Central Nervous System. 

2. Peripheral Nervous System. 


3. Sympathetic Nervous System. 

1. Central Nervous System. It comprises a pair of supra-pharyngeal 
ganglia, a pair of peripharyngeal connectives, the ventral nerve cord. 

A pair of closely united, white, pear-shaped suprapharyngeal 
ganglia or brain, forming the so-called brain, lie dorsally in the third 
segment in the depression between the buccal cavity and the pharynx A 
pair of thick stout circum-or peri pharyngeal connectives anse from them 
laterally, embracing the pharynx and meeting ventrally in a pair ol tusco 
subpharyngealganglia lying beneath the pharynx in the fourth segment. 
In this way, a coplcte nerve ring is formed around the phar> nx 


The ventral nerve cord, arising from the siah-pharyngcnl g»ngl»*. 
runs backwards in the mid-ventral line to the posterior end of the booy. 
In each segment. it presents a slight erU.rgememorj^^^v^tflri 
nerve cord appearstobesinglebu.it is reaUy MM 
compactly united right and left cords as seen in a "f*?*?*™* 
ZgLJl ganglion .iso represents O' fusion of p..- of g.ng.1., on. 
belonging to escb cord of Ihe double ventnl nerve cord. 

•me entire nervous system conuins nerve ce|ls o-neumnsbuttb^ 
.re m0 ,e numerous in the g.ngil.. As revesled ul . tnnsve.se secdoo, 
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the core of the ventral nerve cord consists of two bundles of 
closely packed nerve fibres. Between these intervene connec¬ 
tive tissue fibres are present. The periphery is thin and contains, 
in the ventral and later zones, neurons, these are also nerve 
fibres. In the dorsal zone of the periphery there art four gaint 
fibres, one medium, one submedian ind two lateral. These 
gaint fibres transmit impulses in earthworms. 

2. Peripheral Nervous System. Various nerves, which are 
originated from the central nervous system supply dif¬ 
ferent parts of the body, comprise peripheral nervous sys¬ 
tem. Two nerves arise from each side of the brain and 
Innervate the prostomium and the buccal mass by dividing 
into number of branches. Peripharyngeal connectives 
give off nerves into a number of branches. Nerves, arising 
from subpbaryngeal ganglia, intervale 3rd and 4th seg¬ 
ments. From each ganglionic swelling of the ventral 
nerve cord arise three pain of segmental nerves out of 
which one pair is infront of the row of the setae which 
intervale the gut wall, body wall and other internal organs 
of their segment These nerves are of the mixed type 
consisting ofboth sensitive or afferent fibres and motor or 
efferent fibres. The afferent fibres connect the sensory 
impulses. Ganglia change the sensory impulse into motor 
impulse which passes on to the muscle-cells. The sensory 
impulses may be transmitted to the muscle of the same 
segment or may travel along the nerve-cord and thus be 
transmitted to the muscles of other segments. This arran¬ 
gement serves for the co-ordination of the activities of the 
different part of the body. v 
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3. AutonomicNervousSysUm.lt comprises an extensive plexus of nerve fibers present in the lining epithelium and the 
circular muscles of the alimentary canal. The plexus is connected by fibres with the circumpharyngcal connectives. 


SENSE ORGANS 

As in other matazoans, the organs concerned with the reception of stimuli from the environment are situated on or near 
outside of the body. These are called receptor organs or sense organs. These organs are quite simple in structure in the 
earthworms, consisting of either single or of small group of specialized ectodermal cells. Those lying in groups forming the 
ISnt. 0 f “ ClOry Md0rg * nS ’ Wh,le ‘ hOSC OCCUfTi *S single form the light-sensitive organs. Organs of bearing are altogether 

There are three types of receptor organs in Pheretima. 

1. Epidermal receptor 

2. Buccal receptors 

3. Photo receptors 

1 . 


«.they .iso respond to chemicl stone,. 
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nuckui 


2. Buccal receptors. These are distributed in the 
epithelium of buccal cavity in large number. They 
consist of group of tall cells which project beyond 
the epithelial cells. They have sensory hair-like 
procesese and their nucli lie below the middle part. 

These receptors serve to smell ( olfactorecepiors) ltce f tr * cdu 
and also taste food ( giistoreceptors). 

3. Photo-receptors. These organs are found in large 
number especially on the prostomium and on some 
of the anterior segments. They are not fond in diteJ- 
lum and on the ventral surface. However, they are 
few in posterior region. Each organ consists of a 
single ovoid cell or situated deep in the epidermis. 

There is a nucleus and clear cytoplasm containing net 
work of neurofibrilae. There is also a small 
transparent L-sbaped lens or pbaeosome which is 
somewhat lilted. Lens is formed due to a kind of 
transparent fluid. A few nerve-fibres 
arc also connected with these cells. 

Lens severs to focus light and nerve- 
fibrils act as retina. 

Photoreceptors are sensitive to light, 
but earthworms act negatively to all very 
weak light, hence they retreat into their 
burtows during day and emerge at night 


*ea*ory hair of aervecdti 


-cwick 


nucleus 



•upponini edit 
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Phcrtum* A—Buccal recepror. B-Photo receptor. 


The earthworms are monoecious or 
hermaphrodite. The reproductive organs 
arc restricted to a few anterior segments. , ^ fcooulate) and later deposit 

Though hermaphrodite, the self-fertilization not occurs in earthworm, but two Thus hermaphroditism seems 
eggs in cocoons. Moreover, the testes ripen earlierlprotanday). make cross-fertihzabon necessary. Urns, berm p 

to be of no use to the earthworm. 

Male Reproductive Otg.ns.The male reproduce system is formed of testes, seminal vesicles, spermiducal furmd.v.s. 
deferentia, prostate glands and accessory glands. . 

Testes. There arc two pairs of testes which produce s pc m> s m enre cor d' EadMtesbTL made up of a compact 

situated in the 10«h segment and the other in the 11th segment on e.tbecord. Each 

narrow base, from which arise 4-8 finger like processes containing spermatogon,. * 

Each pair of testes is cncioscd in . ^ 

other, in segments 10th and 11th respectrvely. The postenor lesus ssc B rg > d|Uled 

There are two pairs of spermatic funnel o, 

s, ructurc and lies immediately behrnd ,ts own testrs and opens mtoaeriute ^i,. 

!!? «— - *■ - - 0,1 “ 
vesicles of 12 tb segment lie free. .- jv. vasa deferentia 

. ««. — — — — , - ■ —” 




nerrering 
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of the same side travel come together and met a short prostadc duct of that side 
in the 18th segment 

Prostate glands. There is a pair of large, flat white irregular organs situated 
one on either side of the intestine from 16th or 17th upto20th or 21st segment 
Each prostate gland gives ofT a short duct on its inner side. The prostadc duct 
is joined by two vasa deferentia, thus, forming three ducts are called common 
prostadc and spermatic ducts and open to the outside venterally on the 18 th 
segment by the male genital pore. The opening of the male genital pore is 
actually a group of three apertures, a large prostadc aperture and two small 
apertures of vasa deferentia. The function of the vasa deferenda is to convey the 
seminal fluid to the outside for fertilizadon after copulation. 

Accessory glands. The accessory glands are two pairs of rounded masses 
lying in the 17th and 19th segments just internal to the prostate glands. They 
open to exterior by a number of ducts on the ginatal papillae situated on the 
17th and 19th segments. Their scaedon helps probably in uniting the two worms 
during copulation. 

From the testes the spermatogonia are shed into the tesds sacs, from where 
thy pass into the seminal vesicles where they develop into spermatozoa by an 
elaborate process of spermatogenesis. Each spermatozoon consists of a bead 
and vibradlc tail. The sperms come back into the testis sacs and find their way 
into the spermiducal funnel and travel along the vasa deferentia and Gnally pass 
out, through the male genital pores during copulation, into the spermalhecac of 
another worm. 

Female Reproductive Organs. The essential organs of the female 
reproduedve system consists of a pair of ovaries, doviducts and 4 pairs of 


Fig ^-23 PkuttJm Rtyrodmd'm Syru/t 


Pktrrum* TS. Hroogk icmtul valde. 


Pig. 4237 PhtrrtimM.Otuy. 
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Ovaries . The ovaries hang in the 13th I 

segment, being attached to spetum 12/13, one 
on either side of the nerve cord. Each ovary is 

a minute whitish mass in which the ova, in ~ 

various stages of development, arranged in a 

linear series. j 

Oviducts. The oviducts are short conical owophnu* 
tubes, each with a large oviducal funnel at its : 

free end. Each oviducal funnel is more or less ipemuihecaj V-41 i « , 

saucer-shaped structure with folded and port 

ciliated margins, and lies immediately behind gPRa? X*_ 

the ovary. The oviducts run behind, perforate aLd* ' 

the septum 13/14 and coverage meeUng final- 

ly in the body wall beneath the nerve cord to 15 fi 

form a short common duct that opens the \»*cnl 

female genual opening on the 14th segment. 0e * o **“*“ 1 ' 

Internally the oviducts the oviduct are 

Spermathecae. There are four pairs of /P30JJ 

spermathecae situated in the 6th. 7th. 8th and »c«r»i 

9th segments. Each spermathcca is a flask- " 

■shaped structure, the body which is known as _ 

\hc ampulla. From the narrow neck arises a J*«-T*WP«- 

simple elongated diverticulum which stores . mmi iu 

the spermatozoa in Phcrcima. In other worms the spermatozoa art stored m ampulla 
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Fig. 42.28 Phrtams. T.S ifcro.gk apenoeekecal. 
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COPULATION 

During rainy season when the whether is both warm and P»* / _z““ 

moist, the earthworms come out of their burrows at n.gbt an 
copulate in oairs. During copulation two earthworms become_ 

close applied to each other by their ventral surfaces, with the 

heads pointing to the opposite directions so that the mik^gemfal 

pores of one b opposite to the spermaAecal pow of Ac o Aer. ^ ^ *** 

The areas of male genital apertures are raised «to Pap^c ^h ^ 

are inserted successively into the various pans 

pores from behind forwards thus flling Ae sperow 42J9 ft^-aowi.gcop.i..^ 

spermatozoa and prostatic fluid. After Ae completion of A» 
process both the earthworms are separated and prepare for lay.ng 

of eggs. 

FERTILIZATION i#d 

Cocoon formation is no, - * 

Rhynchelmis tic. The cocoons arc formed usually durmg 

cocoons arc also laid in April, May and June. , nB , 4 .,gjthts swollen epidermricootainin* 

The cocoon is a ^el^^S.^men 

£ 5 ££S|S 

clitellum on coming in contract wrth air. The eann 
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The eggs come out of female genital pore are collected tn It By gradual backward 
movement of the worm, this tube reach over the sperms thecal pores aod the sperms 
are released from spermathecae. Thus fertilization is external. As soon as the 
earthworm withdraws itself from the tube, the openings due to elasticity dosed at 
both the ends and, becomes a small rounded capsule, called the cocoon. The cocoon 
thus formed is left in the soil, it is light yellowish in colour and about 2-2.4mm in 
length and 1.5-2mm in width. 


DEVELOPMENT 



The zygote contains very little amount of yolk. Cleavage is boloblastic but 
unequal. Two types of cells arc formed, the small one are called micromeres and the 
larger ones are called meagameres. Continued segmentation results in the formation 
of a bolow spherical body, the blastula. The walls of baltula are composed of 

single-layer of cells, but the cells at the lower end are larger than those above. TWo _ „ , 

cdls lying beside each other near the equator become distinguishable from the rest by F,g 4 rrr °*' a a ornai a. 

the fact that they are quiescent, whereas the rest continue to divided. These are the mesoblastic pole cells or pole-cell of 
mesoderm. After some times these pole cells divide repeatedly to give rise to two rows of small cells, which, together with the 
pole cells constitute the mesoblastic bands. 



COCOOO 


Now the blastula elongates and Oatcns forming a structure with the 
small cells above and large columnar cells below, while the mcsoblast cells 
lie on the equatorial plane. 

Gastrulatton beings at this stage by invagination, the lower surface 
made up of megameres is pushed inwards. The miaomexes multiply and 
keep on growing over the megameres. Due to inpushing a cavity is formed, 
the archenieron and the groove, produced due to invagination is a blas¬ 
topore on lower surface. With the completion of process of gastrulation, the 
three germs layers are established. The outer embryonic cells constitute the 
ecoderm the cells lining the archenieron, the endoderm and the mestoblastic 
bands, the mesoderm. 

! , The blastoporal groove begins to dose from behind forwards till only a 
small opening is left at the anterior end. That persists as mouth and leads into 
a small stomodaeum lined by ciliated ectoderm. The stomodeaum leads into 
the archenieron. The anus is formed in a very advanced embryo as an 
ectodermal invagination fusing with the enteron in the last segment of the 
worm. 



F1*42J1 Embryo.lc develops 
Veammienl vfcwofyoaag ebryo. 


The mesoblastic bands are situated pareUal to each other side ofmid-ventral line. Ead> band segments into, 
the mesoblastic somites, which are solid at first, but develop each a cavity in the interior vmnrttt^TxIf i, , f 

their cavities grow dorsally and ventrally ultimately fusing , ^ 

m the mesoderm in contact with the body wall is the somatoplure and the liner layer is the solan 

forms the musculature'of body wall and coelomic epithelium. The srianchnoniurr splan ‘ hno P lure 71,6 KWMtoplure 

epithelium surrounding it The partitions between the successive mcsoblaSir ^ muscul,tt,re “ d coelomic 

meantime, the ectoderm cells of*e venlrd sT *«of iTS h * 

rows of cells on each side ofmid-ventral line, each row endimuLericxIv distinguished into four longitudinal 

of alls immediately on either side on the mid-ventral line, tf5e rise to the *** J helworow » 

Imown U Ac —sL AH kiri, of nopridi. « pteiucri by KphroWKI ^ ^ f ° n, “ n8 “ “ 

jkedorctl .1 the top oftto™ rite^ tbo mld-vannl line, 

rise to the median dorsal vessel. meet and fuse above, the paired doisab fuse to give 
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wiifc cocloaic oviik..«d ifc* dcn.rcadoi of tephrobUsl 1 
from ectoderm. 

Thus the ectoderm gives rise to the epidermis, nervous and excretory system as well as proctodaeum and stornodeaurn. 
Mesoderm gives rise to body musculature, coclomk epithelium and the blood vessels. The endoderm gives nse to e gu a 
its appendages, glands etc 

Further development of worm takes place by the formation of new mesoblastic somites from behind forwards till the 
embryonic development is completed. 

REGENERATION 

Earthworms posses the ability to regenerate lost part, 
removal of upto 15 anterior segments, but the capacity to 
region are more easily regenerated. If the cut is made near 
the taO end. a new anterior end will not regenerate on the 
tail half, but instead another tail will develop from cut 
surface. When any portion of the tail region is cut off. the 
last parts readily regenerate. The number of segments 
regenerated is usually less then the number removed. 

ECONOMIC IMPORTANCE 

The earthworms, apparently tiny and insignificant 
creature, are of a great economic value to the mankind. 

I. The earthworms are beneficial in the following ways. 

1. As bald and food. All over the world they are used 
at baid for fishing. They form the best food of fish in 
aquaria, the earthworms are fed upon by frogs, toads, 
birds etc., which are useful to man in certain respects. 

2. In agriculture. Earthworms are in general beneficial 


but this ability is limited. A new head may be regenerated afta the 

regenerate decreases rapidly behind the 9th segment. ThejK»terior 
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lo agriculture. They improve the soil. This is done in many ways. Their habit of burrowing and swallowing earth below 
the surface increases the fertility of the soil. The soil is made porous which allows better aeration, quick absorption of water 
and easily penetration of roots. Waste matter and faces thrown out by worms have a good deal of manorial value. The feaces 
has more nitrate, calcium, phosphorus etc. They bring about optimum conditions for plant growth by reducing both 
acidity and alkalinity of the soil. A more important beneficial effect on soil is the mixing and churning of solid resulting 
from burrowing. Deeper soil is brought to the surface as casting and organic material is moved to lower levels. 

3. In medicines. Earthworms were used variously as medicines in the past lo cure stones of bladder, pyorrhoa, Jaundice etc. 

4. In laboratories. The earthworms are studied as a representative of Annelida by students of Biology. 

II Harmful activities 

Sometimes they destroy tender plands by eating them. Their burrows on the sloping land promote solid erosion during 
rainy season. They spoil golf grounds. 
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HIRUNDINARIA GRANULOSA 

Class Hirudinea (Lai. Hirudo * a leech) form a relatively small but well-defined group of segmented worms which are 
generally adapted to an ectoparasitic mode of life. These are commonly called •leeches'. About 300 species of leeches arc known. 
They abound in tropical and sub-tropical regions. Most of them are freshwater, while some arc marine or terrestrial. Majority 
are blood suckers and parasitic, others are predators, feeding on worms, snails, insect larvae etc. 

Genus Hirudinaria includes four Indian species namely, viridis, H. ma rule ns is, H.javanica and H. granulosa. H. granulosa 
is the more common species and commonly known as cattle leech. 


SYSTEMATIC POSITION 



Phylum 

Class 

Order 

Genus 

Species 


Annelida 
Himdinea 
Gnathobdella 
Hirudinaria 
Granulosa , 


HABITS AND HABITAT 


Hirudinaria is a common Indian leech found in India, Burma, Sri Lanka, 
BangJa Desb and Pakistan. It occurs in freshwater ponds, lakes, slow streams 
etc., where it either swims by vertical undulations or grips objects with its 
suckers and moves by looping. It is sanguivorous in diet i.e. feeds on the blood. 
A single full meal can last for more than a year. 

Leech is bisexual but always cross-fertilization occurs. Cross fertilization 
involves pairing of two individuals in head-to-tail position. Eggs are deposited 
in cocoons. Development is direct i.e. without any free larval stage in the life 
history. 


nukicniul 

gptmiit 


EXTERNAL MORPHOLOGY 

Shape and size. Body is elongated dorsoventrally flattened and vermiform 
with flat ventral and convex dorsal surfaces. A fully stretched leech appears to 
be ribbon-shaped, whereas in contracted condition it is cylindrical. Often it 
measures about 4-6" but might reach upto 12" or more. 

Colouration. The body is beautifully coloured with characteristic mark¬ 
ings. The dorsal surface is generally olive-green and the ventral surface is 
orange-yellow or orange-red and the two sides bear distict stripes of orange or 


Division of Body Body is divided into 33 segments but the external surface F|f 43 , a—D orwl 

of each segment is further divided into annuli by transverse grooves. Tbe number b—V eitnl vkw. 
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Fig. 412 Iliru/L*aria. Cephalic rcgioa la vcatral view. 


Hirundinaria granulosa 

of annuli is different in different segments. The entire body can be distin¬ 
guished into 6 regions. 

1. Cephalic regions. It is composed of first five (lst-5ih) segments and 
a prostomium, of which 1st and 2nd are uniannulate. 3rd biannulate, and 4th 
and Sthb are triannulate. Each segment possesses a pair of eyes. On the 
ventral surface of cephalic region is present anterior sucker and mouth. 

2. Preclitellar region. It comprises of 6th, 7th and 8th segments. The 6ib 
segment is triannulate and 7th and 8th consists of five annuali. Ventrally, the 
last annualus of each segment possesses a pair of nepbridiopores. 

3. Cluellar region. It extends from 9th to 11th segments. Each segment 
consists of five annuli and carries a pair of nephridiopores. Gitellum is 
distinct only during reproductive season. 

4. Middle region. It extends from 12th to 22nd segment. All the thirteen 
segments are quinquannualate (S annulate) and possess 
nephridiopores. 

5. Caudal region. The caudal region comprises of three segments 
from 23rd to 26th. These are without nephridiopores. Segment 23 is 
triannulate whereas the rest are biannulate. Anus is located middor- 
sally in 26th segment 

6. Posterior sucker region. Posterior sucker is formed by seven 
segments from 27th to 33rd. These are uniannulate and are arranged 
in concentric rings. 

Suckers. Each end of the body bears a hollow muscular organ, 
the sucker. The anterior or cephalic sucker comprises the prostomium 
and three anterior body-somites. It is oval in outline with a ventrally 
directed, cup-like hollow structure called the pre-oral chamber, at the 
bottom of which lies the mouth. The posterior end also bears a circular 
and highly muscular disc, the posterior or anal sucker, also directed 
downwards. It is formed by the complete fusion of the last seven body 
segments. Both the suckers are primarily meant for adhesion and locomotion. The anterior sucker also bdps in feeding. 
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Fig. 43 3 HindmanA Caadal regie* la vcaual vlaw. 


Apertures. The body of leech has a number of apertures. These are as follows: 

(i) Mouth. It is a narrow triradiatc aperture situated in the centre of the preoral chamber of anterior sucker. 

(ii) Anus. It is a small aperture situated mid-dorsaUy on the 26th segment at the junction of the body and posterior sucker. 

(lll) minu,e “p^po** p~«« °» ■»« «f u* body,. p.*«i.„ ot 

( ‘ V) I’*"'" 8 ' ta * « romt b " we “ «>« Kcond .nd third .nnull of the 10 th 

• somite. Sometimes, a thread like penis is seen protudlng through, this aperture. 

(v) Fmak g'nualpore. It lies mld-ventnlly In ■ groove between the second end third ennull of the 11th segment 

BODY WALL 

He body w. 111 , mide up of Qve l.yets viz, cuticle epidermis, dermis, musculu Uym ,„d botryoid .1 dune. 

'■ C “' kk - “ b U,e 0U " nn “' “ verta * of ““ ***** bens parent, colourless .nd elude it Is produced 
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by Ibc inner epidermis and is periodically sbed 
especially, after a heavy meal. The cuticle isalso 
shed off, if leech is kept in dirty water. 

2. Epidermis. Lying below the cuticle is 
the epidermis, which consists of a single layer 
of hammer-shaped cells. These cells are broad, 
flatenned and pentagonal towards outer ends 
and narrower towards their inner ends. The 
outer ends fit closely while the nucleated inner 
ends have interspaces containing fibres, connec¬ 
tive tissue, pigment cells and haemocloeomic 
capillaries, forming a vascular and respiratory 
membrane. 

These arc several glands found in the 
epidermis. These arc modifications of epider- 

maI Fig. 43.4 Hin^aria. Seclio* of body w»U. 

(i) Slime-glands. These are distributed all ... . __ 

over the body and produce a kind of slimy mucus, which covers whole of the body. The tubular body of the ^ 

deeper into dermis and possesses a nucleus, a thin layer of cytoplasm and several secretory granules. Through the narrow neck, 
each gland opens to the outside by a minute aperture in the cuticle. 

(ii) Sucker glands. These are also pear-shaped or rounded in form and occur in clusters in both the suckers. Their secretion 
serves to smoothen the surface for the attachment of suckers during loeomoiion. 

(iii) Prosiomlal glands. These occur in groups in the prostomium. Their secrelion plugs the ends of oolhec. or egg- cue. 

(iv) Ci,'liarglands. These .re found in the di.ell.r region (segment« toll).* become 

They are of two special types, the chiiogenous glands forming the wall of the cocoon, and the a,bum ™f 08 

that fills up the cocoon. The former lie between circular and oblique muscles and the latter in longitudinal muscles. 

3. Dermis. I, lies unde, the epidermis. I. .Iso extends into the spaces left between the i 

cells. It is made of connective tissue and consists of gelatinous matrix containing interlacing fibres and cells, 
pigments and fat cells, scattered muscle fibres and branches of baemocoelomic channeies. 

4. Museles. The muscul.ture lies beneath the dermis .n d consist. f t <*>}• 

longitudinal muscles. The longitudin.l muscles .re powerfully deve oped and “ ,e “ ^cs b.ve in .ddition.1 

muscles .re arranged concentrically in the suckers. Between “ d^ventnl muscles .mnged 

double layer of oblique muscles directed spirally around the body like a coa. Then radial mU sdcs 

segmentally Uiroughou, the body, they run from the dorsal fibres of leech have a 

whose fibres radiate from the alimentary canal to the skin. they yoplasm and an inner unmodified protoplasm 

characteristic structure, each fibre has an outer striated and contractile cortex or myoplasm. 

called medulla or sarcoplasm. ICO nsUtaof a network 

5. Botryoldal tissue. It is situ.tcd beneath the longitudin.1mmcl«j’^Td?rTb^uL pigment while their 
of l.rgc br.ncbing tubul.r cells arranged end to end. £««“•«*£‘r u „cbon. 

lumen or intracellular can.ls contain b.emocoelomtc fluid. It Is prob.bly ry 

LOCOMOTION 

Leeches .re capable of a.wling .s well .s swimming. ^ ^ ^ 

L Crawling movement In a.wling, the leech Bm fixes i* £*£ .nd relaxation of.be 

elongation of the body on the subs.r.ctum brought .bout by the »ntr.a, 
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longitudinal muscles. The animal then fixes its anterior sucker to the 
substratum and draws forwards its posterior sucker and the rest of the body 
by the contraction of the longitudinal muscles and relaxation of the circular 
muscles. The posterior sucker is then fixed to the substratum close behind 
the anterior sucker, so that the body forms a loop. The posterior sucker now 
remains fixed and the rest of the body elongates by the mechanism described 
above. 

2. Swimming. It Is brought about by the undulatory motion of the body, which 
is in a state of dorso-ventral Qaterming owing to the sustained contraction 
of dorso-ventral muscles. The undulatory movement is brought about by 
waves of contraction and relaxation passing along the longitudinal muscles. 

DIGESTIVE SYSTEM 

The digestive*ystem comprises the alimentary canal and glands associated 



with it _ 

Alimentary canaL It is a straight tube of varying diameter running from the 
anterior to the posterior end. It is supported on all the sides by botryodial tissue. F *fr 43 5 
It is differentiated into mouth, buccal cavity, pharynx, oesophagus, crop, 
stomach, intestine and rectum. 

1. Preoral chamber. The cup-shaped depression of the anterior sucker represents the 
preoral chamber. Its base b perforated by triradiate mouth which opens into the 
buccal cavity. The preoral chamber and buccal cavity are separated from one 
another by a membranous partition, the velum. It consbts of three Daps, which form 
three lips of the mouth. 

1 Buccal cavity. The mouth leads into the buccal cavity, which b a short chamber 
behind the velum. In its mucous lining are embedded three cresentic jaws, each 
lodged in a depression. One jaw lies behind each ray or chink of the mouth, i.e. one 
is medio-dorsal and the other two ventro-lateral in position. Each jaw b a laterally 
compressed muscular cushion, covered with fine cuticle which b thickened at the 
free edge to form a ridge bearing minute teeth or denticles in a single row. Such 
jaws arc termed monostichodoru. The number of the denticles b 103-128 on the 
median jaw and 85-115 on lateral jaw. On each side of the jaw are about 42-45 
button-shaped protuberances, the salivary papillae, each bearing numerous opening 
of the saljvary glands. 

3. Pharynx. The buccal cavity b followed by a highly muscular, oval sac, the pharynx. 

It extends from 5th to 8th segment It b covered with unicellular salivary glands, 
whose ducts open into the salivary papillae of jaws. The entire space between the 
wall and the pharynx b filled up by salivary glands. The saliva secreted by salivary 
glands has a kind of substance called hirudin or anticoagulin. which does not allow 
the blood to coagulate during the act of sucking it from the prey. 

4. Oesophagus. The pharynx opens into the oesophagus, which b a narrow and short 
sejaion of alimentary canal. The lumen b very narrow and the epithelium b highly 
folded. 

5. Crop. The crop is the largest region of the alimentary canal extending from the ninth 
to the eighteenth segment It has ten thin-walled chambers, one in each segment 

cn chamber consbts of a small anterior and a broad posterior part which b 
produced into a pair of lateral outgrowths the caeca or diverticula. The chambers 
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Fig-<3 6 Hinuiinaria. AllfflcaUiy canal. 


“ d 80 °" gradu *" > ***“** “ the poncho, side. He 1 «, dumber of the crop is the l.rgcs, .„d 
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Fig. 43.7 H truth nano Vetiril diuectioa of aatcrior rad ifcowisg 

(here Jaw*. 

iLs caeca are prolonged backwards uplo the twenty second segment. The crop 
is a very important part of the alimentary canal, as it is elastic and is used for 
storing blood, one crop- ful of blood lasts several months. 

6. Stomach. Posteriorly, the last chamber of the crop ends into a funnel-shaped 
tube, which leads through a sphinctcrcd aperture into a small heart-shaped Fig. 43.9 HmuCnona. Salivary gu 
stomach, lying in the 19th segment. The mucous lining of the stomach is 

thrown into anastomosing transverse folds. 

7. Intestine. It is a thin-walled narrow tube from 20th to 22nd segment Its lining is also produced into spiral villi-like pr 
to increase the surface of absorption. The stomach and intestine are not marked externally. 

8. Rectum. Behind the intestine lies the thin-walled wide rectum which extends upto 23 rd-26th segment. There art no 
fnMinos in rectum. It ODens out posteriorly by an anus which lies on the dorsal surface of 26tb segmen 


olivary 

gUndi 


Histology 

The pre-oral and buccal cavity are lined with cuticle conlinous with that of 
The rectum is also lined with cuticle and forms the proctodaeum. THe rem.rn.ng parts of al.mentary anal are tm 
and forms the midgut. 

Food. Food of these highly organised animals is usuaHyblood and. because. onorter*cattle. Some 

are called blood-sucker,. Some leeches are pami.es on d.e blood of man. od.cn live on horses 

large leeches in Northern United States, feed voraciously on large snails. j 

Feeding or Inges.lon- In feeding .he animal anacbes movenTnUof 

chamber is na.enned and applied .o .he hosl. 1T.e ,.ws are % .. sb>p ed ineision in the skin of victim, 

jaws brought about by special sets of. muscles inserted. kcd wil |, u, c belp of pre-oral chamber, the buccal cavi y 

The incision lays open ,he cuian^ousvessles from which .he blo^b sucked wi ■= ' ^ * own weigh, in a 

and .he pharynx U.a. form highly efnc.en. appara.us fo f r ^' ,> “^Xe. places.nd remains hidden .ill d.is meal exhaust The 

single meal. When .be crops are full of blood,1 d,0 P sof '"‘ lp ‘ utjon of blood during d.eir feeding Ume. 

salivary glands produce a subslanccs, hirudin which prevent Ibe coagula b>em ™,lobin in.o d.e 

Digestion. In die crops d.e blood is haemolyzed i.«. .he red blood corpuscles burs, an g.ve up 
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pluma. Some water is absorbed in the thin walls of the crops. Digestion of baemolyzed blood takes place in the stomach by the 
proteolytic enzymes <Abderhalden and Heist, (1909). Busing and bis colleagues discovered in 1953 that digestion in Hinxdo 
occur entirely by the gut bacteria. The process of digestion is very slow and it takes 10-14 months to digest one oop-full of 

and lM^tadbll 1 fdS.^ f0<><1 * ibSOrt>CdU,e Malmc - ^ absor P live surface of intestine is increased by villi-like transverse 
Egestlon. Elemination of indigested food occurs through the anus. 

~oST; it * 

!!y.‘^'- V ^' Whidl *" "" bl0Od VeKlS ' bul ShU10(T p,m of “« U>« branches of toese vessels .„d . f.My 

eolo!It^!l 0m ! C K DUid • ri . mlmg U ‘ ,0Ugb ,he Cb> "“' k ,nd their bnnches - colourless .moeboid corpuscles .nd is 

>*e termed ihetemocor^micchtmrels^wbiciitgelhMforra Aehscmt»elomic*^siet aemOa>€l0m ' C ^ u ‘ d Ind cblnnc,s 

Thus, to Hinder to. .here .,e no hue blood vessels, toei, funcUon being token up by toe bsemocoelomic system. 
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Haemocoelorak system. It consists of following four 
longitudinal vessels: 

1. A dorsal longitudinal channel 

2. A ventral longitudinal channel 

3. Two lateral longitudinal channels 

1. Dorsal Haemocoelomic Channel. It is thin-walled 
non- contractile vessel running middorssally above the 
alimentary canal ftom one end of the body to the other. The 
baemocoelomic fluid flows from behind forward. The val¬ 
ves are absent Anteriorily, it remifies in the 6lh segment 
and supplies the anterior five segments. Posteriorly, it bifur¬ 
cates in the 22nd segment; the two branches run ventrally 
around the rectum to join ventral sinus. 


of I Herat chxmdi 



vetfral 
commiiwra of 
Uiod chinxli 


It gives two types of branches: Fig. 0.12 HirudJ%ana.l.S. body through dorul *»d vcnini com-, 

mlutarcs of the lateral baemocoelomic cbaoaela. 

(i) Dorso-laterals. Two pairs of dorsolateral 

branches arise from the ventro-lateral side of the dorsal channel in each segment Each branch runs outwards to form 
a capillary plexus in the dorsal and dorso-lateral regions of the body wall. 

(ii) Dor so - iniesiinals. These are numerous small branches arising from the ventral side of the dorsal channels, all along its 
length. They supply the gut wall. 

2. Ventral Haemocoelomic Channel. It runs below the alimentary canal in the mid-ventral region from anterior to the posterior 
end of the body. The flow of the blood is from anterior to the posterior end. It encloses the nerve-cord, cerebral ganglia, 
nerve-ring and sub-pharyngeal ganglion. It is wider than the dorsal sinus but there are no valves. All the arches are segmental. 

(i) First pair of branches originate at the lavel of nerve-ganglion and give rise to two main branches: (a) Ventral branches, 
which is found on the ventro-lateral side of the body-wall, (b) Abdomino-dorsal branch which runs upwards between 
the diverticula of crop and supplies dorsolateral part of the body-wall. 

(ii) The second pair is of nepbridial branches, which are found in 11 segments i.e. from 12th to 22nd segment, having 
testis-sacs. Each branchc forms 2 or 3 sets of saccules, the perinephrostomal ampullae, in which ciliated organ 
enclosed and finally, passes out and gives off branches to lateral part of the body wall. 

3. Lateral channels. There are two lateral haemocoelomic channels placed one on each side of the 
are wide and uniform in diameter. Their walls are thick, muscular and possess valves. The baemocoelomic flui 
posterior to anterior direction. They are collecting as well as distributing vessels. 

Each lateral channel receives on its outer sides two branches, the latero-lateral and the latero-dorsal, and gives off on the 
inner side one branch, the latero-vcntral, in each segment 

(i) Latero-lateral. The short l..ero-U,er,l is formed by rhe bmnebes from .he UCenl region of Ure body w.ll .nd <bc 
nephridia. It joins the lateral channel at the level of the nephndial vesicle. 

(ii) Latero-dorsal It opens into the lateral t do'rslf c^mmiure^which runs 

from the dorsal and dorso-lateral branches of both the sides are conn y 

transversely above the dorsal canal in the segments from 6ib to 22nd. 

Latero-lateral and latero-dorsal branches of each side are connected by a lateral commissure in each segment 

collecting branches possess valves at their openings in the lateral channel. 
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into two branches. One of them is anterior branch, while the other is posterior branch. The two branches diverge from 
one another and unite with the corresponding branches of the other side below the ventral channel. This forms a 
characteristic rhomoboid figure, the ventral commissure of laterals. Eighteen such rhomoboids are found one in each 
of the segments from 6th to 23rd. The rhomboids of the adjacent segments are also joined together by three longitudinal 
Intersegments! commissures. The latero-ventrals supply branches to the nephridia. alimentary canal, reproductive 
organs and ventral side of the body wall. 

Course of circulation 


v ° f * fou t r ' 0fl 8' tudi naI channels, the fluid in the dorsal and the two lateral channels move in anterior direction, while in 

segment. ThT ^ T* C . h,nnds ; thc . dUMn ? lt ue m d,rec, communication with one another at the posterior end i.e. in 26 tb 

cL tt. #n f VCn ^ < ^ Qn€lS SUpply ** hacmocoelomic 0uid 10 * c w »" »nd dorsal surface of the alimentary 

, C Ven ! rd ,nd vcntro - |l,€I > 1 of the body waU as weU as the nephridia. The latero-lateral 

ZSS^ i^ I Cham,ek * ° Uid &0m ^ Thc latero-ventral branches supply the 
BepnrKUa wall of alimenUry canal, ventral body wall and reproductive organs. 
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loagitudinal Hacreocoeloralc ckaaacb. n I //“ “ ■'V r*11 

RESPIRATORY SYSTEM \\l|Uja( k JJ 

Letches are devoid of special respiratory organs. The skin which |T"|Tlj U Cllon^Lal 

has a rich supply of the haemocoelomic fluid act as respiratory surface vernal AJ \ / U \ c 

for the exchange of gases. The epidermis acts as a permeable membrane / V. \ 

through which the carbon dioxide from the haemocoelomic fluid dif- D ^ ch '"J^nrnbwo. U * 

fuses out. Oxygen which is dissolved in water passess in the uu 

haemocoelomic fluid. For this purpose the skin is always kept moist and fi*. 43.17 **"*"*£!» 

a copious secretion of mucous prevent it from drying. Some leeches such c * 

as Dranchellion possess lateral out-growths of the body wall that actas 

gills. 

EXCRETORY SYSTEM 

The excretory system of leech comprises 17 pairs of:segmcntally' areadkdth tpreiestkulor 

6th to 22nd. Of these the first 6 six pairs are located in ««*««. ‘ W ° 

nephridia and the remaining 11 pairs are the testicular nephndia. They remain in 
types differ only in a minor respect. 

Testicular nephridium. This is regarded to be a typical nephridium. Its shape is jus! like lhal °f a horse-shoe and 
of seven parts: 

1. Main lobe 

2. Vesicle duct 

3. Vesicle 

4. Apical lobe 


5.Inner lobe 
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7. Ciliated organ 

1. Main lobe. The main lobe is actually just like a horse-shoe and is situated m the ventro-lateral position between the adjacent 
caeca of the crop. It forms the major part of the nephridium and consists of two unequal limbs, out of which anterior is long 
and the posterior limb is smalL 

2. Vesicle ducL TTk vesicle duct is a narrow tube that starts from the inner end of anterior limb of the main lobs, runs backwards 
alongside the vesicle and opens into the vesicle near its hind- end. 

3. Vesicle. "Hie vesicle is a very large oval sac lying behind the rest of the nephridium and closely applied against the 
ventrolateral surface of the body wall, and opens to the exterior through a rounded aperture, the nephridiopore. 
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of 

(i) a central reseivoir, a perforated chamber, appearing more or less spongy, with an outer wall formed of a single-layer of 
cells and a central mass of connective tissue cells, the seat of manufacture of the coelomic corpuscles and (ii) ciliated funnels. 
Numerous funnels, each fitting into a pore of the reservoir 
by its narrow proximal part, the neck. They cover the 
reservoir from outside. Each funnel is like an ear-lobe, 
with about one-fourth of its margin incomplete along one 
side. The distal end is ciliated and broad. 

In the adult Hirudinaria the ciliated organ has no pi g . 43.20 au»t«dordi«,B—Slagle haul, 

connection whatever with the body of the nephridium 

although there is a distinct connection between the two In the embryo. In the adult it loses connection with the nephridium, gives 
up excretory function and associated with the haemo-coelomic system, for which it manufactures coelomic corpuscles and drives 
them into the haemo-coelomic stream. 

PnUsticular Nephridia. The first six pairs of nephridia lying in segments from 6tb to 11th have no relation with the testis 
sacs, since these are absent in these segments. Therefore, these are devoid of haemocoelomic ampullae and the ciliated organs. 
In other details these resemble the testicular nephridia. 

Physiology of Excretion 

The nephridium proper is truly excretory in function and serves to eliminate excess of water and nitrogenous wastes, (mostly 
ammonia and small quantities of urea). The nephridium is profusely supplied with branches of haemocoelomic channels. Its 
gland cells separate the waste products from the haemocoelomic fluid. The excretory fluid is finally collected into the terminal 
vesicle to be discharged to outside through the nephridiopore. 

Several workers have also attributed an excretory function to the botryoidal tissue, the intracellular capillaries of which 
communicate with the baemocolelomic vessels. 



NERVOUS SYSTEM 


The nervous system satisfies the usual pattern of 
Annelida. It consists of three parts. 


1. Central Nervous System, 

2. Peripheral Nervous System, and 

3. Sympathetic Nervous System. 

1. Central Nervous System. The entire central nervous 
system lies within the ventral haemocoelomic channel and 
consists of five parts-(i) cerebral ganglia, (ii) peripharyn¬ 
geal connectives, (iii) sub-pharyngeal ganglionic mass, 
(iv) ventral nerve cord, and (v) terminal gangolionk mass. 

(i) Cerebral ganglia. A pair of fused cerebral ganglia 
form a small brain situated above the pharynx just 
behind the median dorsal jaw in the 5tb segment 

(ii) Peripharyngeal connectives. They start from the 
sides of the brain and pass downwards along the sides 
of pharynx to meet the sub-pharyngeal ganglionic 
mass. 

(Hi) Sub-pharyngeal ganglionic mass. Ventrally the 



Fig. O 2\ 
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peripharyngeal connect uni* lo (orm the .ubpharygeal ganglionic mu. whir* Ilea below ^ 

Tppositc .0 ihe cerebral ganglia. 11 is composite structure of more or less triangular shape, apex of the triangle pointing 
backwards formed by the fusion of four pairs of ganglia. 

(i») Nerve-cord. From the apex of subph.ryge.1 ganglionic mass arises the ventralnerve cord. It funs along the mtdA rCTWM 
line from 6th to 26th segment. AlUtougb it appears single, it is really double as both am surrounded by a 
the neurolemma. The ventral nerve cord carried 21 well formed ganglia, each located in the first °flu 

segment Posteriotly, the ventral netve cord ends in a large ovoid terminal ganglionic mass, situated within the [wslerior 
sucker. It is formed by the fusion of seven pairs of embryonic ganglia of the lasts seven segments that constitute the 
posterior sucker. 

2. Peripheral Nervous System. It consists of several paired nerves which are originated from the central nervous system and 
innervate all parts of the body. A pair of stout nerves arise from the brain which run forward to supply the first pair of eyes, 
the prostomium and the roof of the buccal chamber. The subpbaryngeal ganglionic mass gives out four pairs of eyes and 
also to segmental receptors of the first five segments, roof of the buccal cavity and the muscles of body wall. From each 
ganglion of ventral nerve cord arise two pairs of stout nerves, the anterior laterals and posterior laterals. The anterior laterals 
arise from the anterior part of the ganglion, branch and innervate the vas deferens, nephridium, the nephridlal vesicle, musdes 
of body wall, ventral nerve receptors and two outer dorsal receptors of their own side. The posterior laterals arise from the 
posterior part of ganglion just behind the anterior laterals. The posterior lateral branches innervate the viscera, median dorsal 
region of the body wall and the central pair of the dorsal segmental receptors. The terminal ganglionic mass sends off several 
nerves supplying the receptor organs and other structures found within the posterior sucker. 

3. Sympathetic Nervous System. It consists of a nerve-plexus, 
situated beneath the epidermis within the musdes and the wall of 
the alimentary canal. It is connected on one side with the 
peripharyngeal connectives and on the other with certain multipolar 
ganglionic cells, which are irregularly distributed on the ner- 
veplcxus of the wall of the alimentary canal. 

SENSE ORGANS OR RECEPTOR ORGANS 

The sense-organs or the receptor organs of Hirudinaria are espe¬ 
cially modified epidermal cells. There are four types of receptor organs: 



inter wrtoUi, 
funowi 


longitudinal 

wrinkle* 


1. Nerve endings 

2. Annular receptors 


raarasmsssc 
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3. Segmental receptors 

4. Eyes. 

1. Nerve endings. These are the simplest and most numerous receptors. Those 
are found between the epidermal cells all over the body with their ganglionic 
cells situated beneath the epidermis. These are simply the ends of nerve fibres. 
These organs are probably sensitive to chemical stimuli Le. changes in the 
surrounding water. They, thus, act as chaemoreaptors. 

1 Annular receptors. These are in the form of minute papillae, formed of 
flatenned overlapping epidermal cells. Their proximal ends are connected with 
the nerve fibres while the distal ends project out of the integnimenl About 36 
annular receptors are found to be equally distributed on the dorsal and ventral 
sides In each annulus. These form transverse rows across the middle of the 
annulus. The annular receptors are tactile in ftmedon or tangorecetors. 

3. Segmental receptors. These are small whitish elliptical papillae borne upon 
the first annulus of each body segment, four pairs dorsally and three pairs 
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Fig 43.25 lliruditioria. VS. of eye. 


ventrally. Each receptor consists of two types of cells-lactile cells or tangoreceptors and light- sensitive cells or photorecep¬ 
tors. There are 5 to 10 long, slender tactile cells, separated from one another and provided with hair-like processes at their 
outer free ends. The light- perceiving or the photoreceptor cells, found only in the dorsal receptors, contain a cresentic hyaline 
substance, the optic organelle or lens, in their cytoplasm. Each receptor receives a nerve branch and functions both as 
tangorcccpetor and photoreceptor. 

4. Eyes. There are five pairs of eyes lying in a semicircle of black spots on the dorsal surface of the anterior sucker, one pair 
in the first annulus of each of the first five segments. Each eye is cylindrical or cup-like in shape with its long axis 
perpendicular to the body surface. Each eye consists of a long pigmented cup covered externally by transparent epidermis 
and cuticle forming a cornea. Inside the cup are refractive cells arranged in several longitudinal rows. Each refractive cell 
contains a crescentic hyaline substance, the optic organellae or lens surrounded by a very thin peripheral layer of cytoplasm 
containing a small rounded nucleus. An optic nerve enters each eye basally and nms along its median axis distributing 
branches to all photoreceptor cells. 

The eyes are directed in different directions and each can receive light from only one direction. It Is not yet 
images of objects are formed in the eyes. However, it is presumed that eyes can only distinguish light from darkness 
locate the direction of the source of light 

On the basis of their metameric arrangement and histological structure, Whiteman regards the eyes to be serially homologous 
with the segmental sense organs. Moreover, the segments with eyes lack the usual segmental receptors. 

REPRODUCTIVE SYSTEM 

Leeches .re herm.phrodi.e i.e.. mile snd fem.le reproductive org.es .re found in die s.me individu.l. 

Male Reproductive Organs. M.le reproductive or ge.er.tive org.ns consist of the following structures: 


1. Testis-sacs 


2. Vasa deferenUa 

3. Vasa effcrenUa 

4. Epididymis 

5. Ejaculatory duct 
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6. Atrium. 
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1 . 


Testis sacs. Testis sacs are eleven pairs of small, spherical or 
rounded vesicles found one pair in each of Ihc segments from 12th 
to 22nd. These are located one on either side of the ventral nerve 
cord. From the wall of each testis saespermatogonia are budded 
off which develop into spermatozoa. 

2. Vasa efferentia. The spermatozoa pass from each testis sac into a 
short sinuous duct, the vas efferens. which arises from the 
postero-lateral border of the testis sac and runs outwards to join 
the common vas deferens of its side. All the vasa efferentia of one 
side open into the common vas deferens of that side. 

3. Vasa deferentia. There are a pair of slender longitudinal ducts 
running forward, from twenty-second to the eleventh segment, 
lying along the ventral body wall on either side of nerve cord. 
Each vas deferens is enclosed within a tubular coclomic space 
which contains amoeboid corpuscles similar to those of the 
baemococlomic fluid. 

4. Epididymis. The distal end of each vas deferens in the 10th 
segment widens into a coiled mass which is termed as epididymis. 
This is said to store sperm brought from the testis 



5. Ejaculatory duct. Anteriorly, from the inner side of the 
epididymis arises a short narrow ejaculatory duct. It runs inward 
horizontally and joins the fellow of opposite side to form an 
atriun. 

6. Atrium. The ejaculatory ducts of the two sides join a median 

pyriform sac, the atrium, extending into the 9th and 10th seg¬ 
ments, and opening outside by the male genital pore. The atrium fi t Hindi*ona. Reprod.ctJv. ipiea. 

consists of two parts-a vase-like broad anterior pari called the 
prostate chamber and a neck-like narrow 
posteriorly directed part, the penis sac The 
prostate chamber has thick muscular walls ejaculatory dx« 

which are covered externally by numerous 
unicellular prostate glands. 

The penis-sac is the posteriorly directed 
narrow neck-like highly muscular part of the 
atrium which contains a coiled filamentous cl,t *Uw 
tubular penis. It helps in copulation and bans- ,,,od - 
ference of spermatophores into the vagina of 
other leech. 
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Female Reproductive Organa. The 
female reproductive system includes: 

1. Ovisacs 

2. Ovaries 

3. Oviduct 

4. Common Oviduct 
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5. Vagina 

6. Albumen glands 
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1. Ovisacs. There is a pair of ovisacs situated ventro-laterally in the 11th segment, one on either side of ventral nerve cord. 
Each ovisac is a hollow structure Tilled with coelomic fluid, containing an ovary. 

2. Ovaries. A pair of ovary, each enclosed inside an ovisac Each ovary is a delicate, coiled and Tilamentours structure which 
contains many nuclei. The ova are formed by the budding from the wall of ovary. 

3. Oviducts. From the base of each ovisac a narrow oviduct arises which runs inward and 
backward. The right oviduct passes below the ventral nerve cord and joins with that of 
the left to form a common oviduct 

4. Common oviduct. The common oviduct is a mid-ventral type having its posterior part 
open folded and opening into vagina. 

5. Vagina. It is a large and pear shaped structure, lying ventrally in the posterior part of the 
11th segment. It enlarges considerably during the breeding season. It is continued 
anteriorly into a duct that opens out at the female genital pore. The female genital pore 
lies on the ventral side in the groove between the second and third annuli of the segment 
11 . 

6. Albumen glands. The place of the origin of common oviduct is covered by a thick layer 
of unicellular glands, the albumen glands, opening into 
the common oviduct 

The ova. budded off from the ovaries, pass through the 
oviducts into the vagina, where they remain till fertilization. 

The ova are coated with the albumen from albumen glands. 

Fertilization takes place in vagina. Fertilized ova are dis¬ 
charged into a cocoon for further development 

COPULATION AND FERTILIZATION 

Copulation takes place in March and April. It may occur 
in water or on land and lasts for about an hour. Two leeches 
come in contact by their ventral surfaces in bead to tail 
position, so that the male genital pore of one lies against the 

female genital pore of the other. Each copulant protrudes its oc^r,. 

penis and passes il in.o the female geniul pore of the other lo abed sperms in the vagina. Thus cross-fertilieaiion occurs 
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COCOON FORMATION 


The cocoon is formed in the month of April to June after copulation. Tie 
frothy girdle by the glandular skin of 9tb. 10th and 11th scgmcnls . ‘^ w fu, the fertilized ova. The cocoon b 

is formed, clirellar glands secrete an albuminous Quid. which is blckw ,^ b movements. When 

then passed over the head of each individual. Leech then withdraws teuMerio g u n ds secrete a kind of plug 

the prostomial region of the worm comes in contact with the •"“ n0 ' goes on withdrawing lo anterior end 

which seals the anterior par. of the cocoon and is Tbfre. I. alsosecre.es the posterior plug 

backwards tUI the prostomial region comes in contact ^ ^^Idtaa moist place by the aide of a pond or pool 

respectively. 
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DEVELOPMENT 


Development of ferli] ized egg takes place within the cocoon and takes about 15 dtyi. In cocb cocoon 1-24 embryo* develop. 
The development occurs at the coat of albumen. On completion of development P 
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ARCH1ANNELIDA 


Tit name Arcbiannelid was first of all suggested by Hasschek is 1893. Tbe group representing an assemblage of marine, 
elongated and thread-like animals without setae or panpodia. Formerly they were considered as pnmitive forms bom which 
another annelids might be derived. The marine animals, included in this group, are Polygordmssui /bo.orf nto l n a ddinon o 
these main representative types different authors have included a number of other annuals m £.s group i.e. S«lp«ck include 
four other animals as: Dinophilus. Saccocirrus. Aelosomo and Histriodrilie BerJum in C.N.H. included only Dmophilu and 
excluded all others. On the other hand Parker and Hasuitll included Dinophilus. Sacocirrus and Manila. 

As representative type of Arcbiannelida. Polygordius and Proiodrilus may be Uken as examples and tbe point of dmerencea 
in which they differ from other forms can be delted later. 

CHARACTERISTICS OF ARCHIANNEUDA 
Chief characteristics of Arcbiannelida as shown by Polygpordius and Proiodrilus are as follows: 

1. These are elongated, thread-like marine worms with cylindrical body. 

2. Parapodia, setae, gills etc. are absent 

3. External segmentation indistinct bu, internal segmentation is complete and the segments are represented by coelom. 

4. Small prostomium overhang die mouth and beam a pair of tentacles and .pair of ciliated pits. P—ium m followed by 
large peristomium or oral-segment which constitute the first segment of body. 

5. Body is devoid of circular muscle fibres. h without 

6. Nervous system is situated in epidermis and is not oul fr0 " ,L «™^fo!STone another by the ventral groove, 

ganglionic swellings. In Proiodrilus two ventral nerve cords „e widely «P onc ,B °“ 

though in Polygordius the two ventral nerve cords are fused together along tbe eng . w h»ch 

7. The right and left coelomic I'alSl body wall and In Prododrilus 

pass across ibe body cavity on each side, from tbe region ot venirai no>c 

blood may be red. yellow, green or may be colourless depe mg pon &om whcrt they pa* out 

10. Germinal cells are developed from coelomic epithelium and are discb.rg 
Definite genital ducts are absent 

11. Sexes separate or united. been reported bam Proiodrilus- 

n. A typical trochophore larva, know* as Loven’s larva, is found in Polygordius, but It has not 

DEVELOPMENT OF POLYGORDIUS 
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The Urva of Polygordius, as h comes out from the body, is to the 
form of typical trochophore lirvi known is Loven's Urva. 

The larva b typically trochophore but b some what reduced in 
form. It has the appearance of a complete and wild cone united by the 
bases. 


The larva bean a double row of cilU, the pre-oval dlb and 
post-ora! cQU. The lateral girdle of dlb b somewhat weaker. Month 
lies at one side ofUrve betwen two dJUry bands whereas the anus lies 
at the apex of post-oral cone and b surrounded by and girdle of dlb. 
The apkal plats b present on the top of praoral cone and bears eye spot 
There b a pair of mesoblaatic bands at the binder nepkrtdia. AJ imenu ry 
canal b divided into stomodaeum, enteron and prododaeam. The 
alimentary canal b separated from body waU by a vast space repre¬ 
sented by biastocod. 


METAMORPHOSIS 



hit 442 rrmrmim. 

D^m^orphoab posterior part of body ekn^atea ,aj 

growth of post-oral coJHnd Ct°dl u «t don 8 ,ted *8*°° <h»e to acth 

though it greatly reduced and forma the bead of adult Tbe hL ln i Tf n ^ ,y ' 1 ? C ,Bterior P® 1 of ,tTV1 *n ads 
ventral aide b termed as ventral nerve cord. As devdon ™m fonn * *** brita of epidermb c 

mescfclasticcavities. cord. As development proceed, the mesobbatic somite. bccomeSled STto for 
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Polygordius 


Protodrilus 


1. Found in sand of European Seas. 


It occurs in sand of European inlands, sea-lake at Faro near Messina. 


2. External segmentation is shown by faint 2. 
grooves. 


External segmentation is marked by ciliated grooves. 


3. A median ciliated groove is absent 3. 

4. Ventral nerve cords are fused along mid-ventral 4. 

line. 

5. A short invisible buccal region is present fol- 5. 
lowed by oesophagus. 

6. Coelom brightly coloured and devoid of any 6. 
reticulum. 

7. Sexes are separate and the testes and overies are 7. 
confined to posterior segments of the body. Ova 
and sperms are escaped from body by its rup¬ 
ture. beacuse gonoducts arc absent 


A median ciliated groove is present 

The ventral nerve cords are widely separated from one another 
being situated on either side of mid-ventral groove. 

Buccal region is not visible but there b a ‘U’ shaped muscular tube 
placed ventral to oesophagus and opens into it, which is cversible 
help the animal in burrowing and swallowing mud. 

Body cavity b lined by a network of fibres which arc, however, few 
in number forming reticulum. 

The animal b bisexual. Testes are present in the posterior segments. 
Ova are released by the rupture of body wall while Sperms through 
the nepbridia. 


Dinophius 

Dinophilus is included in class Archiannelida by several workers. Its «™«*«** 

r., 

a pair of simple eyes, one or two ciliated pits. Tentacles are absen 
The alimentary canal is straight 

gangHon'^n^osmnfiutn and of Widely sepa,..ed nerve cords. He two ventral nerve cords 

sometimes show incipent segmental ganglian. 

Body is traversed by a net w0 * 

pairs of protonepbridia opening on the surface of the body 7 

or dorsal or ventral mesenteries of ducts. 

............ 1 

are connected with testes and act as " al “ f5 iR 0 f nephridia before they open out. 

through the body w.U. Ute young ones am batched as 

trochophore larva. 



Fig. 44 3 DitcpHI”- 


Saccocirrus animal. Following characters show 

It resembles Proiodrilus in many respects so that tt mus P 


Archiannelida 


409 



resemblence with Proiodrilus: 

1. Presence of ciliated ring on head. 

2. Presence of oblique septa. 

3. Presence of dorsal and ventral mesenteries. 

4. Presaence of widely separated nerve cord which is in contact with epidermis. 

The only point of difference is a presence of segmcntally arranged setae, which give it a 
planarian appcarence. 

Aelosoma 

It is often included among oligochaetes, but from its characteristics it seems desirable to place 
it among annelids of uncertain position. It is a small, transparent fresh water worm with a loose 
and uncertain body. 

• 1. The prostomium is ciliated veotrally and ciliated pits are present 

2. Four setae are present in each segment behind prostomium. 444 Ntrilla. 

3. Epidermis contains coloured cells, circular and longitudinal muscles are present but both are very thin. 

4. One pair of nephridia present in each segment 

5. Central nervous system possesses a cerebral ganglion or brain which is continuous with epidermis but not followed by ventral 
nerve cord in trunk region. 

6. Reproduction is by fission. Gonads are present but gonoducts are absent The male gametes or sperms pass through a pore 
on the ventral side of 6th segment In addition spermathecae are present in segment 3-5. 

7. Bundles of setae are present on body wall. 

NtriUa 

Nerilla is included among Archiannelida by ParkartndHaswtU. These are minute marine worms with segmenlally arranged 
parapodia. Their position, however, is extremely doubtful whether it should be annelid or archiannelid. 

AFFINITIES OF ARCHIANNELIDA 

u “■?*!* WhiCh “* ind " dCd in d#Si “ re Pol ySO' d ™'«* Proiodrilus. Hiese are definitely annelids as is shown 

by the fact that they have segmented body, intersegments! septa and segmenlally arranged nephridia. 

But they may be regarded as primitive members of the phylum because of: 

1. Absence of setae or parapodia. 

2. Primitive condition of nerve cord which is in contact with epidermis. 

3. Even the 1st segment bears the excretory organ. 

4. In the nerve cord the ganglia are not fully formed. 

5. The layer of circular muscles in the body wall is not developed as is present in higher annelids. 

Due to above characteristics Polygordium and Proiodrilus must h* ni.^H , . , , 

class Archiannelida. As regards the other members which are included hi ,1 * c,#ss from rcsl of annelids i.e. in 

closely related and allied to the above mentioned animals due to presence oTthe t° R m ^^ :haDacUd4 ' Saccocircus * - •' 
tentacle*. It also shows the primitive characters of central netvnnc t ^ S f 8men!<d body, nephridia and prostomirj 

of the ciliated pits on the head. The only point of difference in whi^h ii '#£''^r * “ < ? nUC * Wilh *** “ d P*se*x 

Polygordius, is \h%\Saccocirrus presents lateral caecae in each sZ^L tyP ‘ al &enCn ’ Protodr ^ and 

g nt m which it resembles higher animals, bin even in this 

^ • 

-O 
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character il is very close lo Prcodnlus. As regards Dinophilus ii is included in Archiannelida due to presence oftb oiy vA kh 
is ex inordinary segmented specially in youngsuge. But it shows much structures than even that of Protodnlus.niPolygordm. 
It differs from them in following respects: 

1. Absence of tentacles. 

2. Body without coelomic or oblique septa. 

3. Locomotion by ciliary bands. 

4. Absence of vascular system. 


5. Body is traverced with network of reticulum. • 

Thus on the whole it seems advisible to place it in sepan.e sub- class- In Archiannelida the typical forms are UU Polygon 
and Protodrilus. 
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EXCRETION IN ANNELIDA 


Exaction Is the process by which the meubolic wute products are thrown out of the body. In annelids the process Is 
performed by special organs called nephridla (inntorer, 1877). These nephridU exist a variety of modification. no t only In 
different spedeCbut also in the different segments of the body of same individual. In addition to nephridla the chloragogan cella. 
codomoducts etc. may play accessory role in excretion. 

EXCRETION IN POLYCHAETA 

There are two types of ducts which communicate the coelom to exterior. These art 

1. Nephridla 

2. Codomoducts. 

A variety of combination exiats between the two above and this aspect has seen studied by Goodrich (1940), who alio triced 
the evolutionary status. 

Types of Nephrldln. There are two types of nephridU: 

(i) Protonephridia. It U the primitive type 
of nephridium. It opens to the exterior by 
an opening called nephridiopore. But in¬ 
ternally, it terminates in the coelom as a 
blind tube. Internally the tube branches, 
rhe dosed ends of branches bear a num¬ 
ber of solenocytcs which help in excre¬ 
tion. The solenocyte resemble the flame 
cell. It has a cavity surrounded by a mass 
of cytoplasm with a nucleus In it The 
lumen of these cells endose a long, 
vibratile flagellum (in each). Excretosy 
fluid enters through the walU of the 
nephriidial tubules which art internally 
ciliated. The fluid is driven into the 
lumen of the nephridium by the flagel¬ 
lum and forced to the exterior through the 
nephridiopore. The protonephridU are 
' found in Glycera, Phyllodoce, Nephhys 
etc. 

(U) MeUutephridia. These nephridU have 
two openings. One end of the nephridium 
opens into coelom by a funnel like open¬ 
ing, the nephrostome and the other end 
opens out by nephridiopore ■ 



pro*»q*ridla) 
tubule 


segmentally arranged, wide tubes devdoped as out pushing from 


«•* 


** - - 4U 
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the coelom to the exterior. The coelom communicates to the exterior with the help of coelomoducts. They open into 
the coelom by a large ciliated funnel called coelomostome. Based on the combination occuring between nephridia and 
coelomoducts, Goodrich (1945) recognized following types of structures called nephromixia: 

(a) Protonephromixium. This is formed by the coelomoduct becoming grafted on to the excretory canal of a 
protonephridium. These are seen in Pliyllodoce. 

(b) Metanephromixium. This is formed by the coelomoduct becoming grafted on to the open nephridiostome of a 
metanephridium. A good example is seen in Hesione. 

(c) Mixonephridium. This is formed by complete fusion of the coelomoduct to the inner end of metanephridium so that the 
entire structure appears a simple formation with a large internal funnel formed by coelomoduct and its duct by the 
nephridium. Mixonepbridia occur in Arenicola. 

Ciliated Organs. A part of coelomoduct becomes separated off from the metanephromixia and becomes attached to 
dorso-lateral muscles as a ciliated organs. This keeps the coelomic fluid in circulation. Example Neanthes. These are not known 
to open externally. 

In most polyebaetes nephridium is a wide sac-like tube as in Arenicola. Its walls are covered with a dense net-work of Wood 
vessels and acts not only as nepbridial organ but also a gonadial duct 


Nephridia of Neanthes differ from most of the polyebaetes and resembles to that of certain oligochaetes. It is I' 
gland- like organ containing a much coiled tube. The funnel opens into anterior to the one in which the body’ of^epbndium Ik* 
The last part of the coil projects out of the body of the nephridia to the coil projects out of the body of the nephridia to the exterior 
at the base of para podium. 

Location and number. Generally the nephridia are present in almost all the segments of the bod)-wM' 
few on either side. But in Arenicola. there are only six pairs and in Sternastis only one pair occur. In Wb»oolo F*> y 
anterior nephridia are enlarged and the posterior are reduced. In the fan-wonn. a single nephndial canal opens on the hea . 

The principle nitrogenous waste in polyebaetes is ammonia. The waste diffuses from the coelomic fluid or the blood to the 
nephridial tubules and then transfered to the lumen to be removed to out side. 


EXCRETION IN OLIGOCHAETA 

Except Ml taKuta* HI >»c oligoebjetes h,ve nephridia. TV nephridia which art« °< meUcepbndU. type 
possessing .n Intern.) pre-sepul funnel o. nepbrostotne. its tubule and forms . temun.l nepbndiopore. 

Witb our present growing knowledge several correction have been made in j^—^Bta/’b.silso discovered lbe 
Stefenson lad recognized only eight types while Bhal classified them .nto thirteen types. Bhal 

entcronephric. . 

Bbals’ classification is obviously far superior to those of earlier workers, since be took into consideration no, on., the 
but also their structure, development and 
phylogenetic relationships. 

The large nephridia are called meganephrtdia 
where as small are called as micronepltridia. These 
are small as compared to meganepbridia and are not 
related to septa. There is one another type known as 
mesonephridia. The mesonephridia can further be 
divided into exonephric (opening out side the body) 
and entcronephric (opening into the alimentary 
canal.) 

Holonephridla.These are generally large in size 

and did not undergoany division during their develop- 







partJT.- ciluieU org.*» (Htf***' 
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ment. The holonephridia can be divided into following types: 

I. Open exonephric holonephridia. This type is found in Lumbricus nestis. Tl>e nepbridla is divided into pre-septtl funnel 
(nephiostome) and post-septal body. The body is divided into 

(i) a long nanow tube 

(ii) there is a short brownish tube which is ciliated 

(iii) a wide part of tube and 


(iv) muscular tube and reservoir. 

n. Open transtionaUy exonephric holonephridia . These are found in Allololesphora species from 35 segments onwards but 
never in 1-34 segments. The nephridia unite to two longitudinal excretory canals running parallel to the alimentary canal. 
These canals unite at the opening of anus with the alimentary canal forming a median ampulla. 

111. Closed exonephric holonephridia. These are found in Chaetogaster. These nephridia are ‘U’ shaped and without cilia and 
nephrostome. 

Meronephridia. The nephridia breaks down or splits up during the course of development and are generally small in size. 
They can be classified into following types: 


I. One pair of open exonephric meronephridia. These are as their name indicates, one pair in each segment The example is 
Megascolex. The nephridia are small, compact with sac-likc in appearence and a preseplal funnel (nephrostome). 

U. Paired cluster open exonephric meronephridia. In the case of Dicogaster. They arc found in three pairs, three nephridia on 
cither side of nerve cord. Vidyavati (1941) found many pairs in Megascolex. 

III. Open nanstionally enteronephric meronephridia. This type of nephridia are seen in Heplochaetella from 3 segments 
onwards. The nephridia on either side joined by a pair of longitudinal excretory ducts as in transitional holonephrkJia, but 
the ampulla is totally absent The canals open near the anus in alimentary canal. 

IV. Open enteronephric mega-mero-nephridia. Due tolarge size of the nephridia a ttain.fl/w/has considered them as mega-mero- 
nephridia. Since earlier workers were misled by their size. There is a free septal funnel or nephrostome. Body is composed 
of straight and twisted lobes. The canal opens into supra-inlestinal excretory canal which runs above the alimentary canal 
and opens into alimentary canal. Examples: Pheretima and Megascolex. 

V. Closed exonephric meronephridia. These are found in 5-9 segments of Lampito. Each nephridium has got its own tubule 
which opens into pharynx 

Tufted nephridia. These nephridia originated either due to the incomplete branching of holonephridia or union of the 
terminal canals or ductules of mesonepbridia. They are classified into followii^ types: 


1. Open exonephric tufted nephridia. They occur in the prc-ditellar and ditellar segments of Pontoscolex species. The number 
of nephridia varies being 80-100 in second segment and they gradually decrease in number. 

Megncota*'™ mfted " rpl,ridia ,rc 9 ' 10 P*” of of «pl>rkli. occurs in end. segments. Example is 
m ' i" 1. S 6 segments ofK.ermmo.nd m. often described .spharyngd 


Chloragogen cells. In cnbworm the intestine is surrounded by some yellow cells died dongogen cells. 
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Semal Van Gansen (1956) mentions that in terrestrial specks of Oligochacta, the silicates got from food material and soil 
are removed from the body and deposited in the chloragogen cells as waste products. L iebman (1946) describes that the eleocytes 
which are free cells into the coelom formed as a result of release of chloigogen cells are laden with food reserve. However, 
Sernal-Van Gansen regards eleocytes as degenerate chloragogen cells which are destroyed by phagocytic coelomcytes. 

EXCRETION IN HIRUDXNEA 

In hintdinea the excretory organs are segmentally armaged nephridla. These are 17 pairs lying in segments 6-22. The anterior 
6 pairs of nephridia are situated in segment 6-11 which are without testis sacs, hence called the pre-testicular nephridia. Hie 
posterior 11 pairs of nephridia are called testicular nephridia as they occur in segments 12-22, each of which contains a pair of 
testis-sacs. 

Each nephridium is a horse-shoe shaped structure called main lobe. The main lobe has two Itmbs-an anterior-limb and a 
posterior limb. A lobe-IIke structure lies between the two called Inna lobe. The posterior limb is continued forwards as the apical 
lobe. The anterior end of the apical lobe looks like the handle of walking stick. 

There is a long hollow tube which coils around the apical lobe called initial lobe. One end of the initial lobe opens into the 
main lobe and the other ends blindly in the testis sac. From the Inna end of the anterior limb arises a duct called vesicle duct 
The vesicle duct leads into a veslde. An excretory duct arises from the vealde and opens out by an opening called nephridiopore. 

Ciliated organ. Inside the perinephrostomlal ampullae lies the dilated organ. A ciliated organ has a central reservoir which 
is perforated, around which are innumerable ciliated funnels. The reservoir is a more or leas spongy structure with an outa wall 
formed of a single laya of cells and a central mass consisting of connective tissue cells and corpuades. Each dilated funnel is 
like an ear-lobe, with about one-fourth of its margin incomplete along one side and is covered with outwardly directed cilia on 
its outer margin and inner surface. The dilated organ manufacture coelomic amoeboid corpuades. Ciliated organs are Joined to 
nephridia in the embryo, but in the adult animal they have no connection with nephridia. This shows that originally the dilate 
organ belonged to a nephridium. but in the adult, having no connection with the nephridium. It is not excretory but has become 
a part of haeraocodomic system for making corpusdes. Ciliated organs correspond to coelomoducts of Polychaeta and not 
nephrostomes of nephridia. 
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CHARACTERS AND CLASSIFICATION 

Phylum Arthropod* (Gr. arthros - joint; pods ■ foot) contains the great majority of the known animals, about one million 
species, and many of them are enormously abundant as individuals. It includes such common and well-known forms as the crabs, 
shrimps, insects, spiders, scorpions, ticks, centipedes, as well as a host of other less familiar forms. Cuvier (1800) placed all these 
animals together with Annelida under the group Articulata. Van Siebold( 1845) separated Annelida from Articulata. Annelida 
were placed under class Vermes while the Crustacea, Arachnids and Insects under an independent group, the Arthropods. 

General Characters 

1. Arthoropoda are triploblastic, bilaterally symmetrical, metamerically segmented animals. 

2. Body is covered with a thick cbitinous cuticle forming an exoskeletoo. 

3. Body segments usually bear paired lateral and jointed appendages. 

4. Musculature is not continuous but comprises separate striped muscles. * . 

5. Body cavity is haernocoel. The true coelom is reduced to the space* of the organs. 

6. Digestive system complete; mouth parts adapted for various modes of feeding. 

7. Circulatory system open with a dorsal heart, arteries and blood sinuses. 

8. Respiration by general body surface, gills, tracheae or book- lungs. 

9. Excretory organs are green glands or Malpighian tubules. 

10. Nervous system with a dorsal nerve ring and a double ventral nerve cord. 

11. Cilia are entirely absent from all parts of the body. 

1Z Sexes are generally separate and sexual dimorphism is often exhibited by several forms. 

13. Fertilization Is internal. Development is usually indirect through larval stages. 

14. Parental care is also often will marked in many arthropods. 

Phylum Arthropods is divided into following classes: 

Class 1-Crustacea 
Class Il-Myripoda 
Class Ill-Insecta 
Class IV-Arachnids 
CLASS-L CRUSTACEA 

body it divisible into htjd, ihonx ud ^ «*. h«d ,od .W, fona 
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2. The exoskelcton is cbilinous. 

3. The body is meUmerically segmented, bilaterally symmetrical and triploblastic. 

5. Each segment bears paired and jointed appendages. 

6. The body cavity is filled with haemolymph and known as haemocoel. 

7. Respiration takes places either by the general body surface or by gills. 

8. Excretion occurs by modified coelomoducts, which may take the form either of maxillary glands or antennary (green) glands. 

9. These are unisexual except many Cirripedia and some Isopods. 

10. The development is indirect 

Class Crustacea is divided into 7 subclasses 
Subclass - 1. Branchiopoda 

1. Body has varying number of segments. 

2. Antennules are small, uninmous and usually unsegmented. 

3. Compound eyes are present 

4. Thorax bear four or more Oat, leaf-like respiratory appendages also help in Alter feeding and locomotion. 

5. Abdomen without appendages. 

6. Parthenogenesis is common. 

Subclass Branchiopoda is divided in three orders: 

Order (l) Anastraca 

1. The carapace is absent 

2. Eyes are stalked. 

3. Antennae are uninmous. prehensile in male reduced in female. 

4. Trunk elongated with 20 or more segments. Anterior 11-19 Segment bear appendages. 

5. The caudal styles are unjointed. 

Example: Branchipus, Streptocephalus, Anemia. 

Order (u) Noiostraca 

1. A large dorsal shield-shaped carapace is present 

2. Eye are sessile i.e. sulkless. 

3. Antecnac are reduced. 

4. Anterior half of the trunk bears 35-70 pairs of appendages. 

5. The caudal styles are many jointed. 

Example: Apus, Lapidurus. 

Order (U) Conchostraca 

1. The carapace is present but divided in two portions or valves. 

2. Antennae biramous and large. 
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3. Eyes are sessile. 

4; Caudal styles are in the form of unjointed, curved claws. 

Examples: Limnetis, Esther ia. 

Order (iv) Cladocera 

1. The carapaca bivalved. encloses the trunk but not the bead and usually ends posteriorly in an apical spine. 

2. Eyes are unstalked and united together. 

3. Antennae biramous used for swimming. 

4. Trunk segments 10-32, each with a pair of appendages. 

5. Caudal styles are unjointed daw-like. 

Example: Daphnia. 

Subclass-2. Os tm coda 

1. Compound eye may or may not be present. 

2. Carapace is bivalved and compressed which encloses entire body. 

3. Head forms about half of the body. 

4. Thorax usually bears only two pairs of cylindrical appendages. 

5. Abdomen is reduced, without appendages and ends in a pair of caudal styles. 

6. Antennules and antennae locomotory. 

7. Manibles have a palp. 

8. Larva is Nauplius. 

9. Parthenogenesis is common. 

Subclass Ostracoda is divided into following orders: 

Order (0 Myodocopa 

1. Marine Crustaceans. 

2. Carapace with antennal notches. 

3. Antennae biramous. 

4. Trank appendages two pah. 

Examples: Cypridina, Concoecia. 

Order (M) Cladoeopa 

1. Marine forms. 

2. Carapace un-notched 

3. Both pairs of antennae used in swimming. 

4. Second pair of antennae with 2 branches. 

Example: Potycope. 
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Order (iii) Podocopa 

1. Maine or freshwater 

2. Carapace Unnotched. 

3. Second antennae leg • like, dawed at tips. 

4. Trunk appendages 2 pairv 

Examples: Cypris, Eruocythere, Cythereis. 

Order (iv) Piatycopa 

1. Marine forms. 

2. Carapace unnotched. 

3. Both pairs of antennae large but not used for swimming, second pair flatenned. 

4. Trunk appendages single pair. 

Example: Cytherella. 

Subclass 3. MysUcocardlai 

1. Primitive marine forms. 

2. Size microscopic, cylindrical. 

3. Antennules and antennae long, prominent 

4. Eyespots, compound eyes absent 

5. Thorax 4-segmeDts. each with one pair of simple appendages. 

6. Excretion by both antennal and maxillary glands. 

7. Ventral nerve cord paired. 

8. Sexes separate, earliest larva is metanauplius. 

Example: Derocheilocarus. 

Subclass 4. Copepod* 

1. Fresh water or marine, free-living, commensal or parasitic 

2. Body small, elongated, composed of bead, thorax and abdomen, 

3. Typically 10 free trank somites, with 4 licking .ppendage*. Appendiges momly blnmoiu. 

4. Three ocelli often fused as median eye, no compound eyes. 

5. Antennules and antennae well developed and used for swimming. 

6. Abdomen without appendages, ends in a pair of caudal styles. 

7. Excretion by maxillary gland. 

8. Eggs on abdomen of female in 1 or 2 egg sacs. 

Subclass Copepoda b divided into 7 orders. 

Examples: Cyclops. Salmmcda. Caligus. Doropygus. Calanus. Monsudlo. 
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Subclass 5. Brmnchlura 

1. Ectoparasites of fresh water and marine fishes and some amphibians. 

2. Body flat, carapace large, disk-like, covering head and thorax. 

3. Abdomen small, bilobed. 

4. First maxillae modified as suckers. 

5. Compound eyes present, sessile. 

6. Thoracic appendages 4 pairs, large, biramous, some of them are provided with flagella. 

Example: A rgulus. 

Subclass • 4. Cirripedia 

1. Marine forms. 

2. Adults sessile, attached or parasitic, attached by cement gland on first antenna. 

3. Carapace becomes calcareous and mantle surrounding body. 

4. Six or fewer pairs of slender and bristly biramous appendages behind mouth used in food gathering. 

5. Abdomen vestigeal, without appendages, ending in a pair of caudal styles. 

6. Antennae and compound eyes disappear in adult. 

7. Monoecious. Development indudes free swimming nauplius which passes through a cypris stage which is codosed in 
bivalve shell. 

The subdass is divided into following orders: 

Order (i) Thoracic* 

1. Non-parastic sedentary marine baraades. 

2. Body surrounded by calcareous shell. 

3. Six pairs of biramous thoracic limbs. 

4. Alimentary canal is present 

5. Hermaphrodite. 

Examples: Balanus, Lepas . 

Order (ti) Acrothoracica 
1. Parasitic, boring in the shells of mollusc 
1 Body is covered by large mantle. Calcareous shell is abaeut 

3. Less than 6 pairs of thoracic appendages. 

4. Alimentary canal is present 

5. Chltinous disc is present for attachment 

Example: Alcippe. 

Order (UI) Ascathoracica 
L Parasitizing corals and echinodenns. 
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2. Mouth appendages are modified into piercing and sucking organs. 

3. Digestive tract with branches into mantle. 

4. 6 pairs of trunk appendages. 

Examples: Laura, Peirarca. 

Order (iv) Apoda 

1. Parasitic in mantle cavity of Alepas. 

2. Body without mantle and thoracic appendages. 

3. Body maggot-like. 

4. Anus absent 

5. Hermaphrodite. 

Example: Proteolepas. 

Order (v) Rhizocephala 

1. Parasitic on crabs. 

2. A mantle but no shell. 

3. Appendages, gut are absent 

4. Body sac-like, with absorptive roots penetrating host 
Example: Saccuiuta. 

Subclass-7-Malacostraca 

1. Mostly large sized crustaceans, marine and fresh water. 

2. Body typically of 19 segments (5 bead. 8 thorax and 6 abdomen). 

3. Exoskeleton of head united with few or more thoracic segments to form cephalothoracic carapace. 

4. Stalked compound eyes. 

5. Abdomanal caudal style absent 

6. Development through zoaea stage. Nauplius stage rarely occurs. 

Series [AJ. Pliyllocardia. 

1. Abdomen of eight somites. 

Order (0 Leptostraca 

1. Marine forms. 

2. Body made up of 21 segments. Abdomen of 7 segments. 

3. Thoracic appendages similar and foliaceous. 

4. Telson bis a pair of caudal styles. 

5. Carapace bivaled. Eyes sulked. 

Example: Nebalia. 
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Series (BJ. Eumalacastraca 

1. Abdomen of 6 or fewer so metes. 

SUPER ORDER [A] SYNCAR1DA 

1. Carapace is absent 
Order (i) Anaspidacea 

1. Fresh waters of Australia. 

Example: Anaspides. 

SUPER ORDER [BJ PERACARD1DA 

1. Carapace, when present, leaving 4 or more thoracic somites distinct 

2. Females with thoracic brood pouch where young develop. 

3. Development direct without larval stage. 

Order (i) Mysidacea 

1. ‘Marine forms. 

2. Carapace covers almost entire thorax. 

3. Eyes stalked. 

4. Thoracic appendages are biranious. 

5. Uropods form broad fan-like tail fin. 

Example: Mysis. 

Order (U) Cumacta 

1. Small, mostly marine, burrowing in surface sand or mud. 

2. Carapace with 2 anterior extensions often joined over bead. 

3. Head and thorax greatly enlarged. 

4. Abdomen slender, mobile. 

5. Uropods slender. 

Example: Deastyles, Cumopsis. 

Order (ill) Tanaidacea 

1. Minute, marine, upto depths of 3650 meters in mud or tubes. 

2. Carapace is small and fused to Grst 2 tboradc segments. 

3. Second tboradc appendage with chela. 

4. Telson unjointed fused with last abdominal segment 

5. Uropods slender. 

Examples: Tanais, Apseudes. 


Ui.. 
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Order (iv) Isopoda 

1. Mostly marine, some freshwater and few parasitic. 

2. Body usually depressed dorsoventrally. 

3. Carapace is absent Abdomen short, partly or all fused. 

4. GDIs and heart abdominal. 

Examples: Ligia, Asellus, Hemioniscus, Omscus. 

Order (v) Amphipoda 

1. Mostly marine, some freshwater and terrestrial. 

2. Body often laterally compressed. 

3. Carapace is absent 

4. Tclson usually distinct 

5. GDIs and heart thoracic. 

Example: Cammarus, Caprella, Cyamus. 

SUPER - ORDER [CJ HOPLOCARIDA 

1. Head with two movable anterior segment bearing eyes and antennules. 
Order (i) Slomalopoda 

1. Marine on bottom, in sand or cervices. 

2. Antennae scale enlarged. 

3. Gills on abdominal appendages modified for raptorial feeding. 

4. Carapace small. 

Examples: Squilla, Pseudosquilla, Chloridella. 

SUPER ORDER [DJ EUCARDIA 

1. Carapace is present, fused to and covering all the thorax. 

2. Eyes sulked. 

3. Gills thoracic. 

4. Brood pouch absent 

5. Development usually indirect with a zoaea larva. 

Ordr (i) Euphausiacea 

1. Marine, small, pelagic forms. 

2. Carapace does not cover sides of body and the gills. 

3. Thoncic appendages all binmonJ and almllsr. none modified u nurillipeds. 

4. Pleopods have long seue, used for swimming. 

5. Larva is naupliu*. 

Examples: Euphautia, Thyumopoda. 


A rthr opod* 

Order (d) Decapod Ea 

1. Mostly marine forms. 

2. Carapace covers the entire thorax. 

3. Thoracic appendage* are modified as 5 pahs of walking kgs and three pairs of maxillipedes. 

4. Thoracic appendages mostly uniramous. 

5. Statocyst present. 

6. Gills usually present in three series oo the thorax. 

Decapods is divided into 3 suborders: 

Sub order (a) Macrura 

1. Abdomen is well developed and elongated. 

2. The abdomen terminates in an expanded fan-like tail fin composed of telson and the uropods. 

3. Eyes are not enclosed in orbits. 

Examples: Lucifer, Palaemon, Homarus, Astacus, Cambarus. 


Suborder (b) Anomura 

1. Abdomen is more or less reduced and Oexed. 

2. Tail fm is also reduced. 

Examples: Eupagurus, Hippo. 

Suborder (c) Brachyura 

1. Abdomen greatly reduced, hard, permanently Oexed under ccphalothorax. 

2. Anteanules and the eyes are both capable of Ming retracted into cavities. 

3. Rostrum and uropods absent 

4. First legs usually large and chelate. 

Examples: Cancer, Inachus, Uca, Libinia, InocJuu. 


CLASS-IIMYRIPODA 
1. Terrestrial and air breathing arthropods. 

1 Body is usually elongated with numerous segments, each bearing one orWpaka of appendages. 

3. Head is distinct, bearing a pair of antennae, mandibles, eyes and maxillae. 

4. Respiration by tracheae. 


5. Excretory organs are one or two pairs of Malpighian 

6. Sexes are separate. 



1. The genital apertures are Situated i 
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Order (0 Pauropoda 

1. The mink segments are eleven and anal segment is also present 

2. There are 9 pairs of legs. 

3. The head bears one pair of antennae, one pair of mandibles and one pair of maxillae. 

4. These are without blood vascular system and trachea. 

Example: Pauropus. 

Order (U) Diplopoda 

1. Body is usually cylindrical. 

2. Poison bears numerous segments each with two pairs of legs (expect first four). 

3. Genital opening on the third segment behind the head. 

Example: Julus, Millipede. 

Order (iii) Symphyla 

1. There are not more than 12 segments in the trunk. 

2. The bead bears one pair of antennae, one pair of mandibles and 2 pairs of maxillae. 

3. There is a single pair of tracheae. 

Example: ScolopendreUa, Sculigerella. 

Subclass - 2. Oplsthogoneata 

1. Genital apertures are situated at the posterior extremity of the body. 

Order (i) Chilopoda 

1. Body is usually dorsoventrally Datenned. 

2. Head bears many jointed antennae, a pair of mandibles and two pairs of mix.llae 

3. Poison jaws are present. 

4. Trunk bears 15-117 segments each with a single pair of legs. 

Examples: Scolopendra, Scutigers. 

CLASS Ill INSECTA 

1. These .re air brewing, mostly tarrestrial and rpaely aquatic arthropods. 

2. Body is divisible into head, thorax and abdomen. 

3. Head bears a pair ofantennae. compound eyes, mandibles and two pans of maailU. 

4. Thorax consists of three segments bearing 3 pairs of legs and 2pans of wmgs. 

5. Abdomen 7-11 segments which are without appendages in adult. 

6. Liver absent but salivary glands are present 

7. Respiration by tracheae. 

8. Excretion by Malpighian tubules. 


/ 
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9. Sexes separate. 



Arthropoda _ 

10. Development fa ttsully induce* completed by completed meumotpbosfa. Sometime* ditect without l.rv.l .fge. 

Class Insecta is divided into two subclasses. 

Subclass I Apterygota 
Subclass II Ptergota. 

Subclass -1 - Apterygota. 

1. Wingless, primitive insects. 

.2. Metamorphosis is absent 
Ordtr (i) Protura 

1. Minute, elongate, whitish insects. 

2. Antennae, eyes and ocelli are lacking. 

3. Wings art absent 

4. Abdomen short consists of 12 segments. Bilateral styli on flnt three segments. 

5. Tracheae lacking. 

6. Malpiglian tubules are small papillae. 

Example: Acerentulus. " 

Ordtr (U) ColUmbola 

1. Minute, somewhat tubular or globose forms. 

1 Eye patches consist of 1 to several lateral ocelli, dorsal ocelli lacking. Antennae short usually 4-segmented. 

3. Abdomen consists of 6 segments, lobe-like organ on first segment 4th segment bears furoila. 

4. Mouth parts entognathus, chewing type. 

Examples: Podura, Isotoma, Smvuhurus. 

Ordtr (Ui) Archtognalha 

1. Small, elongate, many with scales on part of body. 

2. Mouth parts are ectognatous chewing type. 

3. Antennae filiform, large compound eyes and 3 ocelli are present 

4. Abdomen small bilateral styli on venter of several segments. 

5. Females with elongated jointed ovipositor. 

Example: Machilis. 

Ordtr (iv) Thysunura 

1. Small, elongated insects. Usoelhy covered with scales. 

2. Compound eyes usually present 0-3 ocelli. 

3. Abdomen small, belateral style on venter of several segments. 

4. Abdomen consists pf 10 or 11 segments. 
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Examples: Lepisma, Japyx. 

Subclass 11 Pterygota 

1. Adults are winged, some are wing-less. 

2. Metamorphosis complete or incomplete. 

DIVISION (A) EXOPTERYGOTA (HETEROMETABOLA). 

1. Wings develop externally as buds. 

2. Metamorphosis simple without pupal stage. 

OnUr (0 Odtmata 

1. Medium to very Urge sized insects. 

2. Head large, mobile bearing short antennae. Urge compound eyes and 3 dorsal ocelli. 

3. Two pairs of membraneous wings, venation net-like. 

4. Abdomen elongate. Adult males with gonopores on 9th segment and complex penis on second segment. 

5. Metamorphosis incomplete. The nymphs aquatic, predatory with caual tracteal gills. 

. Examples: Dragon Dies ( Lesta), Damsel flies. 

OnUr (U) Ephemeroptera 

1. Soft bodied, fragile, small to medium sized. 

2. Mouth parts chewing type in mymph and vestigial in adults. 

3. Antennae short Compound eyes and 3 ocelli are present 

4. Two pairs of membranous wings. Fore-wings larger than hind-wings. 

5. Abdomen with a pair of long cerri and often with a median caudal GUmenl 

6. Metamorphoses incomplete. Nymph bears gills of the first 4-7 segments. 

Example: Mayflies (Ephemera). 

OnUr (UI) Placoplera 

1. Small to medium sized, soft-bodies, elongate, flatenned insects. 

2. Mouth parts chewing type, usually vestigial in adults. 

3. Antennae long and tapering. Well developed compound eyes, usually 3 dorsal ocelli are present 

4. Two pairs of membranous wings, males of some species apterous or brsebypterous. 

5. Metamorphosis incomplete. Nymphs aquatic with tracheal gills. 

Examples: Stoneflies (hoperla, Pteronarcys). 

Order (tv) Embioptera 

1. Minute to small, elongated insects. 

2. Head luge bearing filiform antennae. compound eyea irtsent, ocelli *b«<nt 

3. Mouth parts chewing type. 

4. Thorax nearly as long as abdomen. 


Anhropoda 
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5. Some miles with 2 pairs of membranous wings of nearly equal size and shape. Females and some males wingless 

6. Metamorphosis gradual in male but absent in female. 

Example: Web-spinners ( Oligotoma ). 

Order (v) Phasmida 

1. Large sized insects. Body elongate, cylindrical with short prothorax, large meso- and meta-thorax. 

2. Head broad and bears a pair of long filiform or moniliform antennae. Compound eyes are present 2-3 or no ocelli. 

3. Mouth parts biting type. 

4. Wings present or absent 

5. Abdomen 11 segmented. Ovipositor small and somewhat concealed. Cerd short, unsegmented. 

Examples: Phyllium, Carausius (stick insect). 

Order (vi) Orthoptera 

1. Minute to very large sized insects. 

2. Mouth parts chewing type. All gradation between bypognathous and opisthognatbous. 

3. A pair of antennae of variable structure. 

4. Compound eyes and usually 2 or 3 ocelli art present 

5. Two pairs of wings are present Forewings bard, narrow, parchment like opaque with indistinct venation forming tegmtaa 
(wing covers). 

6. Abdomen 11 segmented. Females in several species with well developed ovipositors. Cerd variable, short, long, duper-llke, 
segmented or unsegmented. 

Examples: Grasshoppers ( Poecillocerus ), Locusts (Schistocerca), Crickets ( Gryllus ), Mole cricket ( Gryllotalpa ). 

Order (v) Dermaptera 

1. Small to medium sized insects. 

2. Mouth parts chewing type. 

3. Antennae long slender. Compound eyes present in most of the forms may be vestigial or abseot in some forms. 

4. Fore-wings short, leathery and veinless, hind-wings membraneous, broad, fan-like. 

5. Abdomen 11 segmented bearing a pair of forccps-like cerci at the end. 

6. Metamorphosis gradual. 

Example: Earwigs ( Forficula ). 

Order (vti) GrylUMaOoidea 

1. Medium to large, some what dongate and slender. 

2. Mouth-parts biting and chewing type. 

3. Antennae filiform, compound eyes reduced or absent Ocelli also absabi 

4. Wings absent 

5. Abdomen well devdoped with sword-shaped ovipositor. Cerd leng. 

6. Metamorphosis simple. 
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Example: Grylloblaaa . 

Order (viil) Is opt era 

1. Social and polymorphic insects living in colonies under a caste system. 

2. Mouth-parts chewing type. 

3. Compound eyes are present in all winged forme, present or absent in apterous forms. O or 2 dorsal ocelli are present 

4. Antennae short, moniliform or Aliform. 

5. Wings when present two pairs, similar in size, shape and venation. 

6. Cerci short and simple. 

7. Metamorphosis simple. 

Examples: Termites ( ZootermopsisNanadermes ). 

Order (lx) Blattaria 

1. Medium to large sized insects, some what dorsoventrally flatenned. 

2. Mouth parts chewing type. 

3. Compound eyes well developed, 2 ocelli in some. Antennae long filiform. 

4. Wings present or absent when present forewings tegmina. bind wing membranous. 

5. Pair of styli on 9th sternum of males. Ovipositor reduced and concealed by 7th abdominal sternum. 

6. Metamorphosis simple. 

Example: Periplaneta, Blaaella. 

Order (x) Mantodea 

1. Medium to large sized insects. Body usually elongate, somewhat cylindrical, with elongate prothorax. 

2. Head small, triangular and bears large compound eyes with 3 or more ocelli. 

3. Mouth parts chewing type. 

4. Raptorial forelegs at anterior end of elongated prothorax. 

5. Wings usually present in males, reduced or absent in females. 

6. Abdomen comp.r,.ive,y she. mu.Usegmen.ed ceed. pni,ofs„,i «su.Uy .ssocUud wiU. 9* ..emum in msle, 

7. Metamorphosis simple. 

Example: Praying mantids ( Tenodera ). 

Order (xd) Zorapiera 

1. Minute sized insects. 

2. Mouth parts chewing type. 

3. Compound eyes .nd oce.li presen. in winged fonns bu. sbsen. in wingiess forms. 

4. Wings presen. or .bsen. when presen. forewings larger lhsn hindwings. 

5. Abdomen short one segmented cerci. 

6. Metamorphosis simple. 
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Example: Zorotypus. 

Order (xil) Psocoptera 

1. Minute sized insects. Head capsule large compared to rest of body. 

1 Mouth parts chewing type. Labial silk-glands are present 
-3. Compound eyes weakly or strongly developed. Ocelli 3 in winged forms absent in wingless forms. 

4. Wings when present, two pairs, membranous. 

5. Cerd absent 

6. Metamorphosis simple. 

Examples: Book-lice ( Liposcelis), Peripsocus. 

Order (xiii) Mallop haga 

1. Small, apterous, ectoparasitic insects. 

2. Body is broad or dongated, flatenned dorsally. 

3. Head generally large. Compound eyes reduced. Ocdli absent 

4. Mouth parts biting type. 

5. Cerd absent 

6. Metamorphosis absent 

Examples: Chewing lice or biting lice (Trichodectes, Menacanthus). 

Order (xbt) Anoplura 

1. Minute, dorsoventrally Oatenned, ectoparasitic 

2. Head narrower than thorax. 

3. Mouth parts piercing and sucking, retracted into bead when not feeding. 

4. Compound eyes weakly developed or lacking, ocelli also absent 

5. Antennae short 3-5 segments, setiform. 

6. Wings are absent 

7. Legs adapted for dinging to the hairs of the host and each terminating in a curved daw. 

8. Metamorphosis absent 

Examples: Human body • louse (Pediculus), Phihirus. 

Order (xv) Thysanopten 
1. Minute to small sized insects, Body slender. 

1 Mouth parts rasping and sucking type: Asymmetrical, the right mandible reduced or absent 

3. Small, compound eyes; 3 dorsal ocelli in winged forms absent in wingles forms. N 

4. Antennae short 6-10 segments. 

5. Wings two pairs, narrow fringed; coupled by basd books. 

& Abdomen 10-11 segments with an ovipositor. Cerd lacking. \ 
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7. Metamorphosis simple. 

Example: Thrips ( Helioihrips ). 

Order (xvQ Hemipiera 

1. Medium to very large sized insects. 

2. Mouth parts piercing and sucking type. 

3. Antennae 2-10 or rarely 25 segmented. 

4. Eyes large with or without ocelli. 

5. Wings when present, two pain, fort wings usually thickened basally and membranous apicalby (suborder Heteroptera) and 
wholly membranous (suborder Hereroptera) and wholly membranous (suborder Homoptera). 

6. A triangular plate is located between the bases of the wings. 

7. Anal respiratory filaments art present in some aquatic forms and anal filaments in male coccids. 

8. Metamorphosis gradual. 

Examples: Giant water bug ( Belostoma ), Bedbug (Cimex), Water strider (Cerris), Squash bug (Anasa), Leaf hopper 
( Paraphlepsius ), Cicada ( Magicicada ). 

DIVISION (B) ENDOPTERYGOTA (HOLOMETABOLA) 

1. Wings develop internally. 

2. Metamorphosis complete. * 

Order (0 Coleoptera 

1. Minute to large sized insects. 

2. Antennae variable in shape and size usually 11 segmented. 

3. Compound eyes present or .bsent. Oalli ususUy sbsent but present in some groups. Lsrv. without compound eyes but 
lateral orelli present 

4. Forewings sclerotized elytra which protect the membranous bindwings at rest 

5. Legs typically cursorial, some adapted for swimming, jumping or digging. 

6. Abdomen usually 10 segmented. Cerci absent 

7. Mouth parts biting and chewing types. 

8. Larvae diverse usually catterpillar-like or maggot-like. 

9. Metamorphosis complex. 

Examples: Ground beetle ( Calasoma ), Blister beetle (J Epicoiaa), Alfalfa beetle (Hypnero). 

Order (il) Strtpsiptera 

1. Minute sized mostly endoparasilic insects. 

2. Mouthparts with reduced mandibles. 

3. Compound eyes present in males and free-living females. 

4. Antennae flabellate in males, absent in females. 

5. Wings two pairs in males, forewings clublike, hindwings membranous and fan lik 
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6. 3-5 genital porta in the abdomen of females 
Example: Stylops. 

Order (HO NeurapUra 

1. Small to very large-sized, soft-bodied insects. 

2. Mouth parts chewing type in adult and grasping-sucking type in larvae. 

3. Compound eyes present Ocelli present or absent 

4. Antennae filiform. 

5. Wings two pain, similar in size and appearence. 

6. Cerd absent Variously modified ovipositors are presenL 

7. Metamorphosis complete. 

Examples: Green la cc wing ( Chrysopa ). Snake fly (Agulla), Dobaonfly (Corydalis). 

Order (iv) Mecoptera 

1. Small to medium sized, slender, predaceous insects. 

2. Head usually elongated. Mouth parts chewing type. 

3. Compound eyes art present Ocelli 0-3. Antennae long and filiform. 

4. Wings 2 pain, membranous, commonly with dark spots. 

5 “Cerd shorts, simple or two segmented. 

6. Metamorphosis complete. 

Examples: Scorpionfly ( Panorpa ), Hanging scorpionfly (Butaaisy 
Order (h)Diplera 

1. Minute to medium sized, diurnal, nocturnal, tenestrial or aquatic insects. 

2. Mouth parts variously modified for sucking, lapping, piercing and sponging. 

I 

3. Compound eyes present Moat species with 3 ocelli 

4. Wings art present, fore wings developed for flight while hind wings are reduced to halters. 

5. Ceid present or absent 

6. Metamorphosis complete. 

* Examples: Mosquitoes (Afties, Anopheles, Culex), Black fly (Suwduwi), House fly (Mused), Fruit fly (Drosophila). 
Order (v) Sipkomoptera 

1. Minute, hard-bodied bilaterally compressed insects. 

2. Month pans piercing and socking type. In larvae chewing type. 

3. Compound eyes lacking. Generally 2 ocelli. 

4. Antennae short contained within antennae grooves. 

5. Wings absent 

6. Male torainalia highly modified with ooe pair of 2 segmented daspaa. Cad lacking. 
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7. Metamorphosis complete. 

Examples: Human fleas ( Pula% Polutary flea ( Echinophaga ), Rat flea (Xenopsylla), Dog and cat flea ( Ctenocephalides ). 
Order (vi) Trichoptera 

1. Small to medium sized insects. 

2. Montbparts are non-feeding in adult stage. Adapted for inbibing fluid. Mandibles weakly developed or lacking. Larval with 
chewing type. 

3. Compound eyes present, O or 3 ocelli. 

4. Antennae range from setaceous to Aliform. 

5. Wings 2 pairs, membranous, hind wings broader then forewings; covered with modified hair-like setae. 

6. Larvae aquatic. 

7. Cerci one or two segmented. 

8. Metamorphosis boiometabolic. 

Example: Caddis fly ( Philopotamus ). 

Order (vii) Lepldoptera 

1. Medium to large sized insects. 

2. Body and wings are completely covered by flat over lapping scales and hairs. 

3. Mouth parts usually long, sucking proboscis. 

4. Large compound eyes; O or 2 dorsal ocelli. 

5. Antennae always prominent, vary in form. 

6. Wings two pairs, forewings often largest 

7. Metamorphosis complete. 

8. Larvae called caterpillars with 3 pairs of thoracic legs and 2-4 pairs of abdominal prolegs. 

Examples: Butterflies ( Danaus ), Moths ( Bombyx ). 

Order (viii) Hymenoptera 

1. Minute to large sized, social or parasitic insects. 

2. Antennae 12 segmented in male and 13 segmented in females. 

3. Mouth parts variable, chewing to lapping or sucking. 

4. Compound eyes usually well developed. Commonly three dorsal ocelli. 

5. Wings two pain of membranous. Hindwings smaller then forewings, many wingleaa. 

6. Abdomen with basal pedical. 

7. Female with conspicuous ovipositor modified into saw, drell or sting. 

8. Metamorphosis complete. 

Examples: Honey bees (Apis), Thief ant (Solmspsis), Warp (Vespa), Ants etc. 
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CLASS IV ARACHNIDA 

1. These ate air breathing, mostly terrestrial arthropods. 

2. Body is divisible into cephalothorax and abdomen. 

3. Cephalothorax bean two pain of jointed appendages the chelicenl and padipalpi and four pain of legs. 

4. Antennae and true jaws are absent 

5. Eyes are sessile and simple. 

6. Respiration by tracheal or book lungs or book-gills. 

7. Heart is dorsal and tubular. 

8. Excretion by coxal glands or Malpighian tubules or both. 

9. Sexes are separate with conspicuous sexual dimorphosim. 

10. Development direct 
Order (0 Eurjpterida 

1. Extinct forms. 

2. Exo-skeleton is characteristically sculptured. 

3. Cephalothorax is relatively small and the abdomen bean 12 free segments and a telson. 

4. Cephalothorax bean 6 pain of appendages. 

Example: Eurypterus. 

Order (ii) Xiphosura 

1. Marine arachnids burrowing in the sand. 

2. These animals have large subcircular, apparently unsegmented body with two body divisions - anterior large cephalothorac 
(prosoma) and posterior small abdomen (opisthosoma), the two - joined by a hinge. 

3. The cephalothorax bean a pair of short chelate appendages and 5 pain of legs. 

4. Abdomen bean operculum. 

5. Respiration takes place by lamelliform gills attached to the abdominal appendages. 

6. Sexes separate. Development indudes a trilobite larva. 

Example: King crab ( Limulus ). 

Order (til) SccrpionUea 

1.. Terrestrial animals found under stones in tropical and sub- tropical regions. 

2. Body is divisible into cephalothorax and abdomen. 

3. Prosoma bean a pair of chdiceiae, a pair of pedipalpl and four pain of walking legs. 

4. Respiration takes place by 4 pain of book- lungs. 

Examples: Palamnaeus, Buihus. 

Order (h) Pedipalpida 

1. Body consists of cephalothorax and abdomen. 



2. Tbc cbelicerae are simple and non-cbelate. 

3. Respiratory organs are two paiis of book longs. 

Example: Pliryniclius. 

Order (v) Araneida 

1. Found under stones, bark, leaves etc. 

2. Body consists of an undivided cepbalothorix and an unsegmented abdomen. 

3. Cepbalothorix bears 6 pairs of appendages. 

4. Cbelecerae are subcbelate with poison glands. Pedipalpi are simple and 6 jointed. 

5. Eight eyes are arranged dorsally on the bead. 

6. Respiration by book-lungs or book-lung with tracheae. 

Example: Spider ( Aranea).Argiope. 

Order (vi) Palpigradi 

1. Small arachnids. 

2. Body consists of cepbalothorix and an abdomen of 10 segments. 

3. Cbelecerae are chelate and pedipalpi leg like. 

4. Respiratory organs are 3 pairs of book-lungs. 

Example: Koenenia. 

Order - (vii) Solifugae 

1. Body divisible into prosome and opistbosoma. 

2 . Prosome consists of three fused and last three bee segments. 

3. Opistbosoma composed of 10 segments is not marked off from prosoma. 

4. Cbelecerae are large and chelate. Pedipalpi are elongated and leglike. 

5. Respiration by tracheae. Poison gland are absent 
Example: Goleodes.' 

Order (viii) Pseudoscorpionidea 

1 . Minute arachnids having the appearance of scorpion, found under the tree barks. 

2. Body consists of cepbalothorix and an abdomen of 12 segments. 

3. A pair of spinning glands are present 

4. Respiration by tracheae. 

Examples: Chelifer. 

Order (ix) RicinuUi 

1. Body consists of cepbalothorix and an abdomen of 9 segments. 

2. Cepbalothorix .od pedipalpi bear* movable plate* or cuojUm- 

3. Respiratory organs are tracheae. 
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Example: Cryptoeelltis. 

Order (x) Phulangida 

1. Body consists of unsegmented cephalothorax and an abdomen of 10 segments. 

2. Cheleccrae are chelate and pedipalpi leg - like. 

3. Spinning glands are absent 

4. Respiratory organs are tracheae. 

Example: Obtigolophus. 

Order (xi) Acarina 

1. Body is unsegmented. 

2. Cheleccrae and pedipalpi are usually small and associated with the mouth parts. 

3. Mouth parts are piercing and sucking type. 

4. Respiration by tracheae or skin. 

Example: Ticks (Ixodes), Mites ( Chorioptes ). 

PHYLUM ONYCHOPHORA 


1. Aberrant forms as its several characters are of phylum Annelida and Arthropoda combined. 

2. Body-soft, worm-like covered by papillae and hairy spines. 

3. Cuticle is free, having transverse rings, metamerism not marked externally. 

4. Jaws are only one pair. • 

5. Series of shout, fleshy, legs pairs provided with two daws. 

6. Respiratory organs are tracheae. 

7. Sexes are separate. 

8. Regarded as living fossil. 

Example: Peripatus. 



BRANCHIPUS 

Phylum 

- Arthropoda 

Class 

Crustacea 

Subclass 

• Branchiopoda 

Order 

Aros tries 

Genus 

- Bronchipus 


L It Live* in fresh water lakes, ponds etc 

2. It Is commonly known as 'brine shrimp*. 



3. Body is elongated pinkish, semitransparent and differentiated 
into head, thorax and abdomen. 




4. Carapace is absent 


5. Byes arc situated on anointed salkes. 


v: 


436 


Anhropoda 


6. Antennae many and are modified into prehensile organs. 

7. The cacedal styles are enjointed. 

8. Eggs are laid in mud during summer and hatch in the next summer. 


APUS 


Phylum 

Class 

Subclass 

Order 

Genus 


Arthropods 

Crustacea 

Bmacbiopoda 

Notostraca 

Apus 


In tnmk 
•ppendafe 




maailUiy 


1. It is a freshwater crustacean found in most parts of the world especially in U.S.A., 

Kansas. Texas. Mexico etc. g 

2. It is commonly called 'tadpole shrimp*. M 

3. Body is elongated with broad shield-shaped carapace like horse shoe. 

4. Head is broad and depressed bears paired eyes, a median eyes and a dorsal organ 4 

above the antennules and antenna below. f 

5. Shell glands are present on the lateral surface of carapace. 

6. The original segments of the body seem replaced by secondary annulalkm. Fig. 46.2 


7. Caudal styles are long, filamentous and jointed. 

8. Males are rare, hence reproduction commonly occurs by par¬ 
thenogenesis. 

DAPHN1A 

Phylum - Arthropods 

Class - Crustacea 

Subclass - Brancbiopoda 

Order - Cladocera 

Genus • Daphnia 

1. It is fresh water crustacean found in ponds, pools and ditches. 

2. It is commonly known as 'water flea'. 

3. The body except head is covered by folded carapace. 

4. Head and abdomen are turned downward. 

5. Head bears sessile eyes, nuchal sense organs above it, a pair of 
entennuJes, a pair of biramous antennae, large mandibles and two pi in 
of maxillae. 

6. Large biramous antennae are the chief organ of locomotion. 

7. Thorax bears usually five pairs of leaf like appendages. 

8. Abdomen is devoid of appendages. 

9. The female consists of a b,oo<l pouch between posterior part of 
carapace and abdomen in which eggs are stored. 
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10. The alimentary canal is simple. 

11. Heart is a liltle sac. 

12 . Il is a delicious food for many aqualic animals. 

13. Sexes are scparale. Female carries eggs and embryos in a large brood pouch 
situated between abdomen and posterior part of the carapace. 


median eye 


"omodmim 


14. No larval stage occurs. 


CYCIX)PS 


cephaUHhoraa 


Ihifd thoracic 
icjmcni 


Phylum 

Class 

Subclass 

Genus 


Athropoda 

Crustacea 

Copepoda 

Cyclops 



caudal rtyk* 


1. Cyclops is found in fresh water ponds, ditches and also in brackish water. 

2. The body is elongated, somewhat oval in shape. 

3. The cephalotbrax is formed by the fusion of bead and the first thoracic 
segments. 

4. Carapace is absent. F * 444 

5. The cephalolhorax is followed by the five free segments of the thorax and an abdomen of four segments. 

6. The last segment of the thorax is fused in the female which first abdominal segment and bears the genital openings. 

7. The antennules are large, entire and segmented and they arc meant for copulation in male. 

K. The antennae are short and the mandibles have palps. 

**• There arc two pairs of maxillae following with arc maxillipedes and which are the first thoracic appendages. Rest arc used 
for swimming. 

10. Abdomen is devoid of appendages except the caudal styles. 

11. Sexes arc separate. Mature female carries two egg sacs attached to the abdomen. 


CYPR1S 


maiitU 


Phylum 

Class 

Subclass 

Genus 


Arthropods 

Crustacea 

Ostracoda 

Cypris 


I. It is free-swimming and occurs in fresh water stag¬ 
nant ponds. 

2- It has about 2 mm long, unsegmented, laterally 
compressed, clam- like body enclosed in a bivalvcd 
shell. The vlves of the shell are closed by a 
transverse adductor musde. 

3. Compound eyes are absent but there is a prominant 
median eye. Antennule and antennae are large. 

< It is an omnivorous filler feeder. 



Fig. 46-5 C >v ris. 
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6 . 

7. 


2 . 

3. 

4. 


5. 

6 . 

7. 

8 . 

9. 


1 . 

2 . 

3. 

4. 

5. 

6 . 


7. 

8 . 


Abdomen is devoid of appendages and ter¬ 
minates into two caudal styles. 

Respiration by integument 

Development by parthenogenesis. 


■ruennuk 


ARGULUS 


Phylum 

Class 

Subclass 

Genus 


Arthopoda 

Crustacea 

Branchura 

Argulus 



It is an ectoparasite on fresh water fishes and 
usually found in the walls of branchial cavity. 

It is commonly known as 'carp louse*. 

Body consists of an oval flatenned 
ccpbalothorax and a small bilobed abdomen. 

Mandibles and maxillae form piercing organs 
and are surrounded by a sucking tube called 
proboscis. Fif. 46.6 Argulus. 

A poisonous spine, the stylet, lies in front of the proboscis. 

Second maxillae are divided into two parts, an anterior sucking disc for attachment and a posterior leg like part 
A pair of large compound eyes and a median eye are present on the head. 

Thorax bears 4 pairs of swimming appendags. 

Gills arc absent, respiration probably through the carapace surface. 


caudal (urea 


Phylum 

LUCIFER 

Arthropods 

Class 

- 

Crustacea 

Subclass 

- 

Malacca tnca 

Order 

- 

Decapods 

Genus 

- 

Lucifer 


It is a pelagic crustacean found in India, Asia and Europe. 

The animal is minute, delicate and slender. “ ,lon 

Body is divisible into cephalothorax and abdomen. 

Ccpbalothorax is smaller than abdomen. 

Head is elongated and bears long antennae and 
sulked eyes. tbAwu «i «pp 

The thoracic appendages arc non-chelate and the last 

Fig. 46.7 Lmtifer. 



two thoracic somites are without appendages. 


Gills are absent 

Development inditec. th.ongb n.uplius l.tv, which mou.ls Uuough zee. .od . .)» 
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MYS1S 


Phylum - Arthropod* 

Class - Crustacea 

Subclass - Mtlace* trace* 

Order - Mysidacea 

Gaius - Mysis 

1. It is found sometimes in sea water and some 
times in fresh water. 

2. Mysis is a small transparent, shrimp-like form. 

3. Body is bilaterally compressed and elongated 
measuring from 2 -6mm in length. 

4. Carapace covers the entire thorax except the last 

two segments. icIm a 

5. Head bears antennules, antennae and a pair of 
stalked eyes. 

6. First pair of thoracic appendages are modifies as maxillipedes and the rest are biramous serving as swimming organs. 

7. Brood pouch is attached to the posterior thoracic segments. 

8. Development takes place within the brood pouch, so there is no larval stage. 



GAMMARUS 


Phylum 

Class 

Subclass 

Order 

Genus 

1. It is marine as well as found in fresh water. It is commonly 
called ‘sand-flea’. 

2. Body elongated and laterally compressed. 

3. Ccphalothorax is formed by the fusion of bead and first 
thoracic segment 

4. Carapace lacking. 

5. Head bears a pair of antennule, antennae and sessile eyes. 

6. First thoracic segment bears maxillipeds and the remaining 
seven segments bear walking legs. First two pairs of legs 
arc chelate. 

7. The abdomen is of a considerable size and flexed ventrally, 
bears a bifid tebon. 

8. First three pairs of abdominal appendages ate used for 
swimming and rest for jumping on the ground. 

9. It feeds on dead and decaying organisms. 


Arthropods 
Crustacea 
Malacca traca 
Amphrpoda 
Gammarus 



Ftf.46.9 
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Phylum 

I.KPAS 

Arthropoda 

Class 

• 

Crustacea 

Subclass 

• 

Cirripedia 

Order 

- 

Thoracica 

Genus 

- 

Lepas 


1 . Il is sessile in babil and found attached in the 
clusters of floating objects like logs and the 
bottom of ships in the sea. 

2. It has cosmopolitan distribution. 

3. It is commonly called the ‘goose barnacle*. 

4. Body consists of a long sulk or pedicel and 
the body proper or capitulum. 

5. Pedicle is covered by wrinkled skin. 

6. The capitulum is enclosed in a bivalve 
carapace strengthened by 5 calcareous 
plates. 2 proximal scuta, 2 distal lerga and a 
single dorsal carina. 

7. The pedicle is really the highly modified 
antcriormosl part of the bead contains the 
vestige of the antennules. ovaries and the 
cement gland which provide the slickly 
secretion for attachment. 

8. Antennae and paired eyes arc absent. 

9. Mouth is provided with a pair of mandibles 
and two pairs of maxillae. 



10. Thorax bears 6 pairs of appendages. 


11. Behind the appendages is a penis. 

12. Abdomen is reduced to a process without any appendages. 

13. It is bisexual, paired testes lie at the side of digestive tract and ovaries 
in the pedicle. 

14. Development indirect through nauplius which moults into cypris 
sUgc which mcUmorpboscs into adult. 

BALANUS 

The systematic position is the same as that the Lepas. 

1. It is found atuched to rocks and floating woods, shell of molluscs, 
carapace of turtle etc. in sea water. 

2. It has cosmopoliun distribution. 

3. I. is commonly known .s ‘rock - bmucte' o. '.cord - bam.de'. 

4 . Il is scssiblc U. Without pedicle, therefore, the body is directly 
atuched to the rock or substratum. 



tdcrmlpU* 

Fi*. 46.11 Badmuu. 


ihonck limbs or dm 


anil* 
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5. Body is enclosed in a cylindrical ease formed of six calcareous plalcs - unpaired carina and roslrum and two pairs of canno- 
laterals. 

6. Al Ibe top of the shell there is an opening which is closed hy two pairs of valves called opercular valves. 

7. From the opening 6 pairs of thoracic feet which swa p in food particles of animat 

8. Eyes and antennae arc absent. 

9. Bisexual or hermaphrodite. 

10. Development indirect and a nauplius larva is set free which moults into cypris stage and finally metamorphoses into adult. 


SACCULINA 


Phylum 

Class 

Subclass 

Order 

Genus 

1. Sacculina is parasite on carbs found attached be¬ 
tween thorax and abdomen. 

2. It has world wide distribution. 

3. It is commonly called 'root-headed barnacle*. 

4. Adult is extremely degenerate and appears as a 
fleshy tumour on the host 

5. Body without carapace, segmentation, appendages 
and alimentary canal. 

6. The peduncle gives out many delicate root-like 
process into the tissue of host through which it 
absorbs nourishment. 

7. Opening of mantle cavity at the posterior end of the 
body Is known as doacal aperture. 

8. These are bisexual. 

9. Development is indirect through cirripidc nauplius. 
which transform into cypris. Cypris attaches itself to 
the crab by its antennules. The cypris moults and 


Ailhropoda 

Crustacea 

Cirripedia 

Rhi/ocephala 

Sacculina 



•Women of crab 

Flj. <6.12 SmdiMOi Ac .Mo«<. of cub. 

called kentrogen larva. It travels within the blood and attached to ventral side of intestine. Rootlets grow out from it and 
laiva metamorphoses into adult. 

10. It causes changes in the secondary sexual characters of host. Male cnb develops female characters while female ovary 
degenerates. This is known as Parasitic Castration. 


Phylum 

ONISCUS 

Arthropods 

Class 

• 

Crustacea 

Subclass 

• 

Milicas traca 

Order 

- 

Isopoda 

Genus 

- 

Oniscus 





Fig. 46.13 Omim 


1. It is found under stones, woods, etc., in damp soil. It is f 

2. It is commonly called as 'wood lice’. 

3. The body is oval and dorso-ventrally Oatenned. 

4. First thoracic segment fused with the head to form 
cepbalotborax. 

5. Unstalked compound eyes are present 

6. Antennules and antennae are uniramous. 

7. The abdominal legs are adapted for aerial respiration anc 
their endopodiates bear delicate branchiae traversed b) 
minute tube called pseudotracheae. 

8. Abdomen short. 

9. Yongs develop in a brood pouch, present on ventral side 

SQUILLA 

Phylum - Arthropod a 

Class - Crustacea 

Subclass - Malacostraca 

Order - Stomatopoda 

Genus - Squilla 

1. It is found in burrows of the sand or mud at the bottom o 
sea. 

2. It is found in India, southern coast of Florida and Gulf o 
Mexico. 

3. Body is elongated measuring 25 cm. in length, divisiWt 
into head, thorax and abdomen. 
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4. Carapace is thin and uncaldfied. Il is produced anteriorly into a movable rostrum. 

5. Compound eyes are stalked. 

6. Anterior 5 pairs of thoracic appendages are uniramous and directed forwards to art as maxiUipedcs. The remaining thoradc 
appendages are biramous and art as legs. 


7. The 2nd pair of maxillipedes are very large and form 
powerful prehensile weapons. 

8. Abdomen is relatively large and has a broad telson bearing 
3 pairs of marginal spines. 

9. Pleopods are biramous and large. They bear gills on their 
exopodites. 

10. Sixth form large uropods which are flatcmd and form the 
tail- fan along with the telson. 

11. The eggs are carried about by the last three pairs of maxi¬ 
llipedes. 

11 The larvae are transparent pelagic alima, which metamor¬ 
phoses into adult Squilla. 



ASTACUS 

Phylum 

• Arthropods 

Class 

- Crustacea 

Subdass 

• Malacostraca 

Order 

Decapoda 

Genus 

- Astacus 


1. Astacus is found in freshwater ponds, streams and lakes all 



over the world. 

1 It is commonly called * cray-fish*. 

Fig. 46. IS AUOCU. 

3. The body is long and robust, somewhat compressed. 

4. Body is divisible into cephelothorax and abdomen. 

5. The line of demarcation between the head and thorax is possibly indicated by cervical groove. 


6. Rostrum is short and without serrated margins. 

7. Head appendages 5 pairs. Eyes, antennules and antennae are present. 

8. Thoradc appendages 8 pairs. First three pairs of thoracic legs are chdate and the Gist pair is largest 

9. Abdomen 6 segmented, with 6 pairs of appendages. 



11. The development is direct 


Phylum 

Class 

Subdass 

Order 


EUPAGURUS 

• Artbropoda 
Crustacea 

- Malacostraca 

• Decapoda 
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Genus 


Eupcgurus 



FJ*. 46.16 Eupogunu. 


1. Il is found in ibe empty shells of gastropod molluses. 


2. It has cosmopolitan distribution. 

3. It is commonly called 'hermit crab'. 


4. The body is highly asymmetrical and consists of cephalothorax and abdomen. 


5. Cephelothorax is broad and flatenned bearings short antennules. antennae and stalkes eyes. 


6. Of the 5 pairs of thoracic legs, first are chelate. 2nd and 
3rd are nonchelate, 4th and 5lh are chelate but reduced. 

7. Abdomen is soft, cylindrical, coiled and unsegmented. It 
bears reduced appendages on the left side and none on 
right side, Uropods are, however, well developed. 

8. Swimmcrets are found only in females for carrying eggs. 

9. They show commensalism. The close association be¬ 
tween the hermit crabs and sea-anemone in which both 
are benefetted by each other. 


Phylum 

Class 

Subclass 

Order 

Genus 


HIPPA 

Arlbropoda 

Crustacea 

Malacostraca 

Dccapoda 

Hippa 



1. It is found in the sand near the sea. It is commonly found A 

on Pacific Coast, U.S.A. and Oregon to Mexico. p .^^ |7 „ ipfA a _do«jI view. B—v*au»l *kw. 
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2. U is commonly known as •mole-crab’. 

3. Body is ovate with large cephatothotrax. 

4. Carapace is smooth. 

5. Mouthparts are poorly developed. 

6. Head bears long stalked eyes, a pair of biramous antennulcs and a pair of uniramous antennae. 

7. Rostrum is simple and pointed. 

8. Thoracic appendages 7 pairs, walking legs 5 pairs adapted for digging. First two pairs of walking legs partially chelate. 

9. Abdomen 6 segmented fust three pairs of abdominal appendages modifies for swimming and last three pairs are adapted 
for darling. 

10. Feeds like an earthworm, swallowing sand. 


great d*eU 


CARCINUS 


Phylum 

- Arthropoda 

Class 

- Crustacea 

Subclass 

- Malacostraca 

Order 

. Dccapoda 

Genus 

. Carcinus 


fig 46 18 c, 


1. It is commonly found buried among rocks and in 
sand near about the water. It has cosmopolitan 
distribution. 

2. Ccphclophorax broad and somewhat oval with a 
broad carapace. 

3. The antennae and antennules are short. 

4. The eyes are sulkes and lodged in a pit of the 
cerapace. 

5. Third maxillipcdes broad, fiat and plate - like. 

6. Walking legs 5 pairs, the first pair is large chelate. 

7. Abdomen reduced and is permanently flexed below cepbalothorax. 

8. Males with 2 pairs of pleopods. whereas female 
possesses 4 pairs of them. Uropods absent 

9. Eggs are carries by the females which are atuched 
to the pleopods. 

10. Development indirect. Egg develop into zoaea 

which passes into megalopa and finally meUmor- •*** 

phoses into adult 

Fig. 46.19 7„/« 






of Mink gland; 
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JULUS 


Phylum 

Class 

Subclass 


Arthropoda 

Myripoda 

Progoneau 
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Older 

Genus 


Diplopoda 

Julus 
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1. I! is found is damp and dark places under stones and decying leaves. When disturbed usually roll up into tight coil and emits 
an unpleasing odour from segmental scent glands. 

2. It has cosmopolitan distribution. 

3. It is commonly called as ‘wire worm’. 

4. Body cylindrical and metamcrically segmented; differentiated into head and trunk. 

5. Head small; antennae short generally 7 segment. One pair of maxillae and mandibles forming gnathochilarium. 

6. Eyes are minute. 

7. Trunk cylindrical consisting of very closely ring like segments from 25 to more than 100 segments. 

8. In each sogment there are two pairs of legs. Since it has numerous legs it is called millipede. 

9. Poison glands and poison claws absent. 

10. Vascular system well developed. 

11. Respiration by tracheae. 

12. Sexes are separate. 

13. Genital openings situated at the anterior end of body. 

14. In male one or both pairs of legs of 7th segment are modiGed to form copulatory 
organs. 

15. Herbivorous and even scavangcr. 

SCOLOPENDRA 

Phylum - Arthropods 

Class • Myripoda 

Subclass • Opisthogoneata 

Genus - Scolopendra 

1. It is found under stones, in cervices and other dark places. It is found in India and 
America. 

2. It is commonly called 'Centipede’. 

3. Body is elongated and dorsoventrally flatenned with numerous segments. 

4. Head is distinct and bears a pair of antennae, a pair of mandibles and two pairs of 
maxillae. 

5. Trunk segments numerous, each bearing a single pair of legs. 

6. First pair of trunk appendages or maxillipedes bears a sharp claw connected with 
the poison gland. 

7. The last pair of legs are usually longer than the rest. 

8. The anus lies at the posterior end. 

9. Respiration is affected by tracheal tube. 

10. The vascular system well developed. 

11. Sexes are separate. 



Flf. 46.20 Stoic pmTU c*.Upcdf. 
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12. Tbe genital opening situated at the hind end of the body. 

13. Bite is dangerous to man and sometime proves to be fatal 

LEPISMA 

Phylum 

Cass 

Subclass 

Order 

Genus 


Arthropods 
Inserts 
Apterygota ihoracic 
Thysanuri 
Lepisma 


1. It i, found in bouses, in books, pspets. clothes, under pictures, in wsnn countries. It 
feeds on starch. 

2. It k commonly known as ‘silver Osh*. 

3. Body a flattered and covered with silvery, scales. 

4. Body divisible into head, thorax and abdomen. 

5. Head small with a pair of filiform antennae and eyes. 

6. Mouth parts chewing type. 

7. Thorax three segmented and bean 3 pain of legs, wings are absent 

8. Abdomen 11 segmented with 3 anal cerci and a number of small delicate appendages. 

9. Development direct without metamorphosis. 


ISOTOMA 



abdacniiul 
. appendages 


ccrv» 


Fig 46.21 Up*im*. 


Phylum 

- Arthropods 

Class 

- Insects 

Subclass 

- Apterygota 

Order 

Collembola 

Genus 

- Isoioma 


I. There are found in damp places, under leaves, cerives of bark. 
1 It is commonly called 'Spring tail’. 

3. Body is divisible into head, thorax and abdomen. 



tphniina or|«n 


Fif 46.22 


4. Head with 4 jointed antennae. 

5. Compound eyes are absent, ocelli scattered. 

6. Thorax 3 segmented with 3 pain of legs. Wings absent 

7. Abdomen 6 segmented. Fint segment with a tubular adhesive organs, collopbore. 3rd segment with tentaculum and 4th with 
furcula (spring organ). 

8. It secrets glue-like substance used for sticking body to the object 



SCHISTOCERCA 

Phylum 

- Arthropods 

Class 

• Insects 

Subclass 

Pterygota 
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Division 

Order 

Genus 

Species 


Exopterygoia 

Orthopicra 

Schistocerca 

Gregaria 



FI g.4t.2> St hi net tree 


1. Gregarious herlm utous iusi cl found in green vegeiaiion. 

2. Commonly found in Africa. Arabia. India, Japan. Mexico. U.S.A. and Afganisthan. 

3. Body is divisible inlo head. Iborax and abdomen. 

4. Head with a pair of long antennae and well developed compound eyes. 

5. Thorax 3 segmented. 3 pairs of legs and two pairs of wings are present. Wings arc dissimilar and unequal. 

6. The fore-wing elongated, straight, thick, leathery with numerous brownish black spots. 

7. The membranous hind-wing large, plaited anal area. 

8. Legs well developed. 

9. The hinJ legs modifies for jumping having long basally stout femora. 

10. The abdomen has 10 evident and vestigial eleventh segment. 

11. Mouth parts biting and chewing type. 


12. Male with genital lamina incised posteriorly. 

13. This is the most destructive of all locusts and its ravages were known in biblical limes. 

14. They occur in tw o phases: (a) Solitary or emigratory phase having yellow colour with dark green and brown pa 
(b) Gregareoiis or migratory phase have pink body with dark brown spoLs 



Arthropoda 

GRYI.LHS ^ 

Arlbropoda 

Insecta yr W 

Pterygota » / 

Exoptcrygota f 0661 

Orthopicra J 

Cry I lus | J 

1. Il is i noctural and omnivorous insect found under various objects. U Ik 

stones etc. during day lime. ft I 

2. Il is found in India. Sri Lanka. Asia. Burma. U.S.A.. Europe and 

Canada. a 

3. Il is commonly known as 'cricket*. < * 

4. Body divisible into bead. Ihorax and abdomen. Fig. 46 24 G/>"-‘ 

5. Head bears compound eyes and a pair of filiform antennae. 

6. Moulbparts chewing type. 

7. Forewings hard. nanow and parchment like with pigmented 
spots (tegmina). Hindwings are membranous and folded. 

8. Tibia of the fore-legs bear tympanic organs and the hind legs 
arc modified for jumping. 

9. Well developed ovipositor in females. 

10. Male cricket chirps by rubbing front wings together during \ 

courtship. S 


Phylum 

Class 

Subclass 

Division 

Order 

Genus 


Ihoiaj 


foie wing 


•nilcrrcui 


compound eye 

r ubi. 


GRYI.LOTALPAU''' 

The systematic position is same as that of Gryllus. 

1. GryUotalpn is a nocturnal, burrowing insect 

2. Il is found in Indian plains, warmer parts of Europe and Asia. 

3. It is commonly known as 'mole cricket'. 

4. Body is covered with short. Tine hairs and is d ivisWe into bead, 
thorax and abdomen. 

5. Head is well developed, bears a pair of antennae and com¬ 
pound eyes. 

6. Mouth pails are biting and chewing type. 

7. Tibiae of the First pairs of kgs are cxpccially modifies with 
stout spines Tor digging purpose. 

8. Forcwings are short and hard membranous. 

9. Ovipositor is not protruded. 

10. v_erci are unjotnted and long. 
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MANTIS 


Phylum 

- Arthropods 

Class 

- Insecta 

Subclass 

Plerygota 

Divbion 

- Exopterygota 

Order 

- Mantodea 

Genus 

Marais 


1. These are arboreal feeding on living prey (car¬ 
nivorous). 

2. It is found in North America, U.S.A., Africa, South 
Europe, Western Asia. 

3. It is commonly known as ‘preying mantis'. 

4. Body is long, slender, usually green in colour. 

5. Body is divisible into bead, thorax and abdomen. 

6. Head is small, triangular with vertical face and freely 

movable on slender neck. Fi * 46 26 

7. Large compound eyes, three ocelli and long filiform antennae are present on head. 

8. Mouthparts are chewing type. 

9. Prothorax is much elongated and prothoracic legs are modifies for grasping and holding them prey. 

10. Wings are well developed. These are folded flat and overlapping the sides of the body. 

11. Abdomen 10 segmented. Ovipositor is do exected. 

12. Nineth segment in males bear a pair of styll 

13. Short flattered and segmental cerci present 

14. Female eats the male after nuptial. 200 or more eggs are enclosed in the ootheca formed of frothy quick drying material. 



PHYLLIUM 


Phylum 

Arthropods 

Class 

- Insecta 

Subclass 

Pterygola 

Divbion 

Exopterygota 

Order 

• Phasmida 

Genus 

Phyllium 


1. It is found on the moist part of Oriental region, Forests of Assam etc. 

2. It is commonly called ‘leaf-insect’. 

3. Body is broad and flatenned. 

4. Body b divbible into bead, thorax and abdomen. 

5. Head b small bears small antennae. 

6. Thorax b also small and bears 3-pairs of green coloured legs. 

7. Tegmcn or first pairs of wings axe small than the other pair, biviig leaM*e 
colouration and veination. 



Ftp *621 
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Arthropoda 

8. §exes distinct Male wilh small tegmina, well developed wings and narrow 
• bodies. Female wilh extensive tegmina produced into leaf like expansions. 

9. It is an example of mimicry or camouflage in which protective resemblance 
in both form and colouration, is similar to the objects in their surroundings. 

CARAUSIUS 
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Phylum 

Arthropoda 

Class 

- Insects 

Subclass 

Pterygota 

Division 

- Exopterygota 

Order 

- Phasmida 

Genus 

- Carausius 


1. H is found in tropical forests and is arboreal, it is found in India. Sri Lanka. 

Burma, Asia. Europe. 

2. It is commonly known as ‘stick- insect*. 

3. Body is elongated and slender with long legs and .antennae resembling a 
twing or stick or any other foliage on which they feed. 

4. Head is small with a pair of filiform antennae and compound eyes. 

Mounthparts chewing type. 

5. Thorax is elongated bearing 3 pairs of legs and the wings arc absent 

6. Abdomen 10 segmented. 

7. Cerd small and unsegmented. 

8. Sexes are separate. Male is small, active and winged. Female is large, sluggish and apterous. 

9. Exclusively parthenogenesis. 

10. Power of regeneration or autotomy is very grt#L 



Fi* <6.28 Carmaim*. 


FORFICULA 


Phylum 

Class 

Subclass 

Division 

Order 

Genus 


Arthropoda 

Pterygota 
Exopterygota 
Derma ptera 
Forficula 


1. Found under stones, moist places under stones in decaying vegetable matter etc 

2. It is found in Europe, N. America. Mexico, Asia, Africa and on the coasts of Indian 
ocean. 

3. It is commonly known as 'earwing'. 

4. Small insect with elongate body. 

5. Body is divisible into bead, thorax and abdomen. 

6. Head contains a pair of eyes and a pair of long-filiform antennae. 

7. Mouth parts chewing type. 



Fig. 46^9 


Forficula. 
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8. Thorax contains 3 pairs of walking kgs and peculiar bindwings. 

9. The forewings form bard vcinkss truncated wing cover below which the bindwings are present. 

10. Anal ccrci are modified into a pair of forceps which is raised upwards and is opened widely in a threading manner, when 
the animal is disturbed. 

11. Ovipositor absent. 

12. Meumorphosis^radual and it exhibits parental care for eggs and young ones. 


PEDICULUS 


Phylum 

- 

Artbropoda 

Class 

- 

InsecU 

Suborder 

- 

Pterygota 

Division 

• *• 

Exopterygota 

Order 

- 

Anoplura 

Genus 

• 

Pediculus 


1. These art minute, flat, wingless and ectoparasite of man. It has cosmopolitan 
distribution. 

2. It is commonly known as ‘human louse*. 

3. Body is dorso-vcnlrally flattered and pale in colour with dark marking along the 

sides. __ 

4. Head bears a pairs of antennae which is 5 segmented, and a pair of compound eyes. 

5. Mouthparts piercing and sucking type. 

6. Thoracic segments are fused in one mass and contain 3 pairs of clawed legs, wb.c 
the host 




• *'Hcnni 
head - 




Fig. 46 JO PfiScvltis. 

in 3 pairs of clawed legs, which form clinging organs with the tissue of 


7. Abdomen is 9 segmented. 

8. Males are smaller than females and their posterior ends turned upward. 

9. Metamorphosis is absent 

10 . It is a major factor in transmitting relapsing fever, typhus and trench fever. 
It sucks the blood of man. 

EPHEMERA 

Phylum - Aitbropoda 

Class • lnscctJ 

Subclass - Pterygota 

Division - Exopterygota 

Order - Epbemerida 

Genus - Ephemera * 

„ is a soft-bodies and most familiar insect found on margins of sbeams. 

lacks etc. 

2. It b found in U.S.A.. India. Sri Lanka and Burma. 

3. It is commonly called as ‘Mayfly • 

4. Body is divisible into head, thorax and abdomen. 
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Anhropoda 

5. Head is small contain small setose antennae, compound eyes and 3 ocelli. 

6. Mouthparts vestigial. 

7. 3 pairs of inconstant walking legs. 

8. Two pairs of membranous wings, forewings larger than bind wings. 

9. Abdomen is 10 segmented with ..educed teigutn. Us< segmeo.be..*. p.lrofloogm.nyjoinledce.cLTergom is produced 
into a long caudal filament. 

10. Males has 3 jointed, clasping organ and the female bas 
no ovipositor. 

11. Nymph or naiad lives for a long time upto 3 years in 
water, feeding in aquatic plants and animals. The 
imago moults prior to mating and is extremely short ; 
lived. 


DRAGONFLY 


hind win* 


Phylum 

Arthropods 

Class 

Insects 

Subclass 

Pterygota 

Division 

- Exopterygota 

Order 

. Odonata 

Genus 

Litxllula 





1. It is of world wide distribution and generally found 

darting balancing in the air. FI*. 4632 

2. Body is slender and divisible into head, thorax and abdomen. 

3. Head bears a pair of large compound eyes and small inconspicuous antenne. 

4. Mouth parts chewing type. 

5. Prothorax is small. Meso- and metathorax art fused. Legs are weak and used 

for resting. 4 ' 

6. Both pairs of wings are well developed and membranous. These arc held in 
a horizontal position. 

7. The abdomen in elongated often slender made up of 10 segments. The genital 
openings in both,male and female, lies at the hind end. Male copulatory 
organs on the 2nd and 3rd sternite. 

8. Nymphs are aquatic, breath by rectal gills and feeding upon aquatic insects 
and organisms. 


nfMonal fort-kf 


Phylum 

Class 

Subclass 

Division 

Older 

Genus 


. NEPA 

Arthropods 

Insects 

Ptexygota 

Bxopterygota 

Hemlptexa 


I. It is commonly found in shallbw water. It has world wide distribution. R&.46J3 tttfm. 



hmd-lc* 
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Arthropoda 


2. Il is commonly called *water scorpion'. 

3. Tbe body is dorsoventrally Oatenned and divisible into bead, thorax and abdomen. 

4. Head comprises a pair of 3 jointed antennae and compound eyes. 

5. Mouth parts form a long rostrum adapted for piercing and sucking. 

6. Tbe respiratory tube is most peculiar. It consists of two spine- like 
process. 

7. There are three pairs of false spirades situated on 3rd, 4th and 5th ventral 
abdominal segments respectively. 

8. The false spirades comprise sieve-like structures with the perforations 
occuleded by a delicate membrane. 

9. Sexes arc separate. 

10. The female is provided with a pointed toothed ovipositor. 

11. The eggs are deposited in chains. The ova adhere to one another by 
means of sevan long filaments radiating from one extremity. 

BELOSTOMA 



Udlele* 


htnd lc« 


The systematic position is tbe same as that of Nepa. 


Fig. 4634 Brloaoma. 


1. Bflostoma is the largest insect found in riven, ponds, lake, feeding on insects, tadpoles, snails etc 


2. It as found in India. U.K., North America and South Africa. 

3. It n commonly called ‘gaint water bug’. 


4. Body is dorsoventrally Oatenned and divisible into three parts, head, thorax and 
abdomen. 

5. Head is small with a pair of large eyes and 4 jointed antennae. Mouth parts 
piercing and sucking type 

6. Tbe thorax bean 3 pain of legs. Tbe midlegs and hindlegs are Oatenned and 
adapted for swimming the forelegs raptorial. 

7. Fint pair of wings hemielytra and second pair membranous. 

8. The abdomen is provided with two retractile apical appendages. 

9. Ovipositor well developed. Females of some specks deposit their eggs on the 
back cf male (parental care). 

DYSDERCUS 

Tbe systematic position is the same as that of Nepa. 

1. It is a common pest of cotton and commonly known as 'Red cotton- bug'. 

2. Body is black and red in colour. 

3. Body divisible into bead thorax and abdomen. 

4. Head bears a pair of compound eyes and 4 jointed antennae 



Fig. 4635 Djmdrrem. 


5. 

6 . 


Mouth parts piercing and sucking type 

Wings two pairs, basal half of tbe forewings hard and leathery 


(hemelytra), hindwings soft and membranous- 
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7. Triangular scute]Ium present between the 
bases of wings. 

8. Pronotum large. 


compound eye t** 1 


fort, win* 



The systematic position is same as that of 

1. It is found in the forests and moist places, 

abundant in tropical, subtropical and «***boni ~~ 

2. Body is divisible into bead, thorax and ab- 

3. The head is broad possessing two lateral _ ' ' 

compound eyes and two very short mien- *****cma* jobt inowiiie 

nae. Figasjs cu^. 

4. The thorax comprises prothorax, mesothorax and metathorax. 

5. There are two pairs of wings: fore-wings are larger and somewhat triangular and the bind-wings are oval. 

6. The andomen is elongated and consists often segments. 

7. The sound production habit of this insect is very peculiar. 

8. The sound is produced only by the male which possesses a drum-like apparatus oiled aedeaugs. 

9. Metamorphosis incomplete, egg hatches into nymph. 

10. The life-history is very interesting as it takes about 13 to 17 yean to complete. 

11. Adults soon dies after mating. 


hind-tn. 


hind-let 


APHID 

The systematic position is the same as that ofNepa. 

1. It is ectoparasite on plants sucking their juk*. It is found spread v on the 

plants of mustard, wheat and cotton. yon me 

2. It is commonly called 'plant-Jke’. 

3. Body is short divisible into head, thorax and abdomen. 

4. Head is distinct with long straight antennae. Byes are smalL 

5. Mouth parts art piercing and sucking type. 

6. Thorax and abdomen robust Abdomen is elongated 

8. Both apterous and winged form. 




Ptthonx 


**»«**« 
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DANAUS 


Phylum 

- 

Arthropoda 

Class 

- 

Insecta 

Subclass 

- 

Pterygola 

Division 

- 

Endopterygota 

Order 

- 

Lepidoptcra 

Genus 

• 

Danaus 


cwnpornd eye 


WIWW 


1. Il is a flying, terrestrial, diurnel insect found in gardens. 

2. Commonly called butter-flies. 

3. Beautifully and brightly coloured insects. 

4. Body ^s divisible into head, thorax and abdomen. 

5. Head With a pair of compound eyes and dub-shaped antennae. 

6. Mouth parts siphoning type. Maxillae are modified to form sucking tube. 

7. Prothorax is fused with mesothorax. 



fore- wins 


thorax 


»Momrr 


8. Two pairs of wings which are typically covered with scales. Fig. 46.38 Dana*,. 

9. Abdomen is 10 segmented and covered with scales. 


10. Cerd and ovipositor are lacking. 

11. Development complete. 

MOTH 

The systematic position is the same as that of Damans. 

1. It is found in garden among flowering plants. It is noctemal in habit 

2. Body is broad and stumpy. 

3. Body is divisible into bead, thprax and abdomen. 

4. Head bears a pair of eyes and antennae. The antennae are usually 
feather-like and terminal knobs are absenL 



Fig. 46 J9 Moth. 


hindcwing 


5. Wings two pairs and are held horizontally in resting condition and 
covered with scales. 

6. Mouth parts are siphoning type. 

7. Abdomen is 10 segmented. 


COCCINELLA 

Phylum 

Class 

Subclass 

Division 

Order 

Genus 


Arthropoda 

Insecta 

Plerygota 

Endopterygota 

Coleoptera 

Coccinella 


These « commonly called. Udy Bird - Bede’. That - «»«•"“ “" Ml 



Fig. 46.40 Cocci*** 


Arthropoda 


2. Body divisible into head, thorax and abdomen. 

3. Head incompletely bidden by pronotum. 

4. Head bears compound eyes and a pair of antennae. Mouth parts are 
chewing type. 

5. Large number of species are carnivorous and predacious. Feeds on 
aphids, coccids and other soft bodied insects. 


Phylum 

Gass 

Subclass 

Division 

Order 

Genus 


VESPA v 

Arthropoda 

Insecta 

Plerygota 

Endopte?ygoU 

Hymcnoptera 

Vespa 



fore win* 




- —r- FI*. 46.41 V«,*. 

It is an Indian hornet, which is usually chestnut red and makes large nests of mud over walls and trees. 

Body strongly built, usually chestnut red in colour with yellow, transverse Wrs. 

Body is divisible into’head, thorax and abdomen. 

Head is globular concave posteriosly with small ocelli and compound eyes. 

Thorax deep and cubical wings are membranous. Hindwings short and bear books on their anterior margin which fit into a 
groove on the posterior margin of forewings. 

The abdomen petiolate, large with pointed apex. 

Modified ovipositor as sling is present It stings painfully and causes local pain and swelling. 

Ve! P° is * “‘“W ■«««• Colony consuls ofqueen m.lcs ,„d woriten. The impregnated female hibernates 

in winter and forms a new colony at the next spring. 


CAMPONOTUS 

The systematic position is the same as that of Vespa. 

1 . Usually social insects live in burrows, holes, cervices etc 

2. Body divisible into head, thorax and abdomen. 

3. Head varies in shape and mandibles art variable m forms. 

4. Antennae consists of 4-13 segments. Male has one mote segment than the female. 

5 - sarjESi - - wdi *■ -* 1 - 

6. Stridulatory (sound producing) organ is present is abdomen. 

7. Large and well developed stings art present in females and workers. 


P*w>io^a 



9. These art scavanger but art also harmful 

10 . Other common Indian ants are: OctooAvl 


? nuptul flight wings art then lost 
to man by destroying grain and seed*. 


Pi*. 46.42 Cmnpomotus. 




red ant). 
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XENOPSYLLA 


Phylum 

- 

Arthoropoda 

Class 

- 

Insects 

Subclass 

- 

Pterygota 

Division 

• 

Endopterygota 

Order 

- 

Siphonoptcra 

Genus 

- 

Xenopsylla 


1. It b a sanguivorous ectoparasite of rats, birds and man. 

2. It is commonly found in India. Sri Lanka and Malaysia. 

3. It b commonly called ‘rat-flea'. 

4. Body is laterally compressed without wings. 

5. Integument is covered with spines and bristles. 

6. Head broad jointed with small thorax. Abdomen is very 
large. 

7. Antennae are davate, short and concealed in grooves. 

8. Com pend eyes and ocelli are absent. 

9. Moulbparts piercing and sucking type. Fig. 46.43 Xtncp^ia. 

10. Walking legs are elongated, dawed and modified for jumping. 

11. It transmits‘plague’from rat to man. 

ARANEAE 

Phylum * Arthropoda 

Qjjs - Arachnida 

Order - Arineida 

Genus • Arantae 

1. It b found in houses and gardens. 

2. It b commonly known as *ort>-webbed spider’. 

3. Body consbts of cepbalothorax or prosoma and abdomen or opbthosome, the 
two being connected by a narrow pedical. 

4. Prosome with simple 8 eyes and 6 pairs of appendages. A pair of subchdate 
ebelieerae, a pair of nonchelale pedipalps and 4 pairs of walking legs. 

5. Opisthosome b unsegraenled. bears three pairs of spinnerets which produce 
thread for making web. 

6. Poison glands open on the fangs of chelicerae. 

7. Respiration by book-lungs and tracheae. 

8. Excretion by coxal glands and Malpighian tubules. 

9. Sexes .re separate. Female is larger Ur.n male and eats up .He, copulaUcm 




Fig. 46.44 Ar~*+ 
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Phylum 

Gass 

Order 

Genus 


SARCOPTES 

- Arthoropoda 

- Arachnids 

. A carina 

- Sarcopus 



Flf-46.45 Scrrcpus. 

1. It b an ectoparasite on human skin and causes horizontal burrows in region between fingers, elbow etc. Leads to 
Commonly known as ’itch-mite of human’/ 

2. It as rounded or oval and dorsoventrally Oatenned with transverse strialions and short spines. 

3. Prosoma and opisthosoma not differentiated. 

4. Four pairs of legs. Anterior two legs are stronger and project beyond the body 
and provided with terminal sulked suckers. Posterior two legs are shorter and 
attached more ventrally and carry long bristles. 

5. Mouth parts borne on capitulum, chelicerae chelate. 

IXODES 

The systematic position is the same as that of Sarcopus. 

1 . It is an ectoparasite of sheep and commonly known as’tidt’. 

2. Body ovoid, dorsoventrally Oatenned and unsegmented. 

3. Capitulum projects from the anterior end of the body and bean chelicerae and 
pedipalpi. 

4. Dorsal surface of body is covered by shkld-like scutum. 

5. Eye* lateral and borne on scotum. - 
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6. Walking legs 4 pairs with adhesive pads and claws. 

7. Anus with adanal shield. 

8. Female is larger than male. 

9. They produce ixodin which acts as anesthetic, so that the host does not fed pains. 


Phylum 

Class 

Order 

Genus 


CHHJFER 


Arthropoda 

Andinida 

Pseudoscorpionida 

Chelifer 


1. It is found commonly under the bark of trees. 

2. Minute animals which have the appearance of scorpion but without 
tail hence commonly called ‘pseudoscorpion’. 

3. Body consists of prsoma and an opisthosoma. 

4. Prosoma is broad and continuous bearing 6 pairs of appendages. 

5. The cbelicerae small 2 jointed and chelate. 

6. Pedipalpi 5 jointed large and claw-like. 

7. A pair of spining glands open on the tips of cbelicerae. 

8. Abdomen is 12 segmented, 

9. Respiration by tracheae. 

10. Males have a pair of reversible organ ‘ram's boms, supposed to be 
copulatory in function. 



<4 47 Chelifer. 
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PALAEMON 


Palaemon, commonly known as prawn, is found in fre >0 water streams, ponds, rivers etc. It serve as a good example to 
exhibit the characteristics of class Crustacea. 


SYSTEMATIC POSITION 


Phylum 


Arthropods 

Class 

• 

Crustacea 

Subclass 

• 

Malacostraca 

Order 

- 

Decapods 

Suborder 

• 

Macrura 

Genus 

- 

Palaemon 


HABITS AND HABITAT 

A number of species of Palaemon, such as P. carcinus, P. malcolmsonn etc. are found in the fresh water streams, ponds 
etc of India. Bangla Desb and distant countries such as West Indies. Mexico and Australia. These animals generally like 
slow-running waters and are bottom-feeders. They are nocturnal in habit and come out in the night in search of food The food 
is generally algae or other water plants and sometimes, insects. P malcolmsonu breeds in May. June and July and the females 
arr y <88* attached to their abdominal appendages. 


EXTERNAL MORPHOLOGY 

Sh.pt «d Slzt.Pr.wnu. bU.Kr.ll, „mme*tal .mm.l. The bod, h elong.ieU ud spindlt-dripcd .„d is wdl-.d.pKd 
for sw.mn.mg in w.kr.Ihe sot of the .dull Palaemon v.rics cauidcnbly in difftrcnl species. P. car coms me.su.es .bom 75 

Division of body. The body is divisible into two district regkras:- 

I. Anterior, immovable and unjointed cephabothorax. 

II. Posterior, morable and jointed abdomen. 


are 


I. Cephaloihorax. It is rigid and immovable. It is straight and oval jn ci<*s tertian r., .. 

embryonic condition, cephaloihorax consists of firsTu fused segments and Tn re < ***** ° f 13 se «racnls. In the 

development, Grstsegment of the embryo disappears in theadult,wWel3scffmmic^. reSC ^Tw nla "S* 0 "* Uter 00 durin « 

in these thirteen segments. The presegmental region is also found in adult^Tit ThuCIrc 13 P** 15 ot *ppendages 

xv . 1 ^ ^-auiis ana n possesses i pair of stalked compound eyes. 

The cephaloihorax is covered by a large chitmous shield / 

^ ^ ShlCWl lwo dorsal shield and the sternal plate r. The 
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dorsal shield further consists of anterior dorsal 
plate and posterior carapace but there is no line of 
demarcation between two. The dorsal plate is tri¬ 
angular and it extends forwards as a laterally com¬ 
pressed process, the rostrum. The upper and lower 
margins of the rostrum are serrated and deasely 
fringed with setae. At the base of rostrum, on cither 
side, there is an orbital notch to which movable 
jointed stalk of the compound eyes is attached. Just 
below each orbital notch, the dorsal plate bears a 
prominant antennal spine. Behind each antennal 
spine there is a relatively small hepatic spine. 



Palaemon 


ITIfd maiillcpede 
Und chdue teg 


Non-chelttc leg. 


The carapace covers the thorax dorsally and 
laterally and represents the fused thoracic terga and F , g 471 
pleura. On either sides of the body, the carapace 
hangs freely as a convex gill cover or branchiostergite. These enclose a narrow gill-chamber, which protects gills beneath them. 


Palaemon. Literal view. 


II. Abdomen. It consists of 6 posterior movable segments and a terminal conical structure, the telson. The telson artiailates 
with the 6lh abdominal segment by a pair of hinge - joints. 

Each abdominal segment is covered dorsally by a convex sderite, the ter gum and ventrally by the sternum. The terguoi 
extends downwards on either side as a free flap, the pleuron. The plcuron covers the base of the appendage of its side, and is 
connected with it by a small sclcrite, the epimeron. Pleura of the 2nd abdominal segment are largest and differ from otbeisin 
overlapping the pleura of both the 1st and the 3rd segments. Pleura of the 6th segment are small and point backwards. The 
adjacent terga and sterna arc connected by flexible arthroidal membranes of uncalciDed cuticle. The adjacent terga articulate by 
a hinge-joint on either side. However, the hinge joint between the 3rd and 4th segments are ladcing. These joints allow only up 
and down movement of the segments. 

External apertures. Mouth is sill-like aperture opening mid-venlraUy at the anterior end of the ccphelothorax. I \t “** m *“* , “ 1 
by maxiUipcdcs and maxillae. Anus is in the form of a longitudinal aperture situated ventrally at the base of telson. Oncpur ox 
renal apertures open on raised papillae on the inner surface of the antennae. Sexes are separate. Pair ed female genital aperwrc* 
arc located on the inner surface of coxae of the third pair of walking legs in female. The paired male apertures are lorateu 
the inner surface of coxae of the 5lh pair of walking legs in male. The openings of the statocysts open in a deep aepress 
dorsally on the basal segment of each antennule. 


APPENDAGES 


The appendages of prawn show considerable diversity in structure. In 
different regions of the body appendages are well-adopted for different 
functions. These appendages are homologous as all have the same typical 
structure and development. 


Appendages appear very different from one another can be reduced to 
a general type of appendage called, stenopodium. A stenopodium consists 
of two parts (i) protopodite or sympod or stalk and (ii) rami supported on 
the protopodite. The protopodite is a 2 jointed structure the proximal 
podomcrc with which the appendage is attached to the body is co *°P°*“ 
or coxa and the distal joint is known as basipodite oc basts. 
like structures the outer one is called exopodite and inner one is ' 

When there is only one ramus the appendage is called umramous and when 
both arc present it is a biranous appendage. 

There are 19 pairs of appendages which on be sludies under^ 
headings. 


lerawn 



Paloemo*. Sttdo* lSn>.*fc .MdoImI It**" 
•cleiHes. 
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Palaemon 

I. Cephalic appendages. 

II. Thoracic appendages. 

ID. Abodominal appendages. 

I. Cephalic appendages 

As in all arthropods, there are 6 segments of the bead. On 
the first there is a pair of compound eyes. These are not serially 
homologous with the other appendages, since they arise fat a 
different way. Thus there are 5 pairs of appendages in cephalic 
region. These are antennules, antennae, mandibles, maxillulae 
and maxillae. 


eyonalk 



Fig. 47.4 


Polotmon. AiKaaak. 



cavity for 
muidea 


apo|*yri» (coxa) 


1. Antennules . These are just beneath the eye- 
stalks. Each consists of a protopodite, which is made 
up of three podomcars called precoxa, coxa and 
basis. The basal podomcre, the precoxa is very large 
and hollow. The cavity of precoxa lodges the 
statocyst, w.bose opening is situated near its 
proximal end. From the outer margin of precoxa arises a spiny lobe, the stylosclerite. 

The coxa is short and cylindrical. It bears setae on its inner and anterior borders. The 
basis is longer than the coxa and lacks setae. It bears a pair of long, slender, many-joinled, tapering processes, the feelers, with 
swollen bases. The inner feeler is unbranched but the outer one is divided into two unequal branches, the inner smaller branch 
bearing special olfactory setae. It is wrong to regard the two feelers as the two rami of biramous limb, perhaps they represent 
only the endopodite subdivided. 


Fig, 47.6 


2. Antennae. The antennae belong to segment 3, each with one feeler, situated immediately below and behind the antennules. 
The protopodite has two podomcars, the coxa and basis. Each one is swollen at the bases as it lodges the renal glands within. 
The coxa is small in size and bears the renal aperture on its inner margin. The basis bears two rami: a long, slender, many jointed 
feeler with a swollen basis and a broad leaflike squama. Of these the feeler corresponds to the endopodite and the squama the 
exopodite. Squama acts as a balancer in swimming, is fringed with setae along its inner border. Its outer border is smooth 
te rmin a ti ng in a small spine in front 


3 . Mandibles. The mandibles belong to the segment 4, Ik oq the sides of the mouth. They a re very stout and highly calcified 
TV protopodite Vs two podomeres cox. and Vsis. The cox. is very Urge ttnd an be divided into two puts: Proximo, 
.poan-sVped hollow epophys*.* the disul solid, head. Tie bead js fonned of two processes - . molar process Wing 5-6 
yellow dentil pl.les .nd . pl.te like messor process endmg tn tbte* teeth. Each mandible beats three segmented mrmdibulcr. palp 
that wises from the outer bonier of the bed. The VH segment of the ptip tepeeseats the basis of protopodite. the oute/two 
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segments represent the endopodite, and the 
exopodite is absent 

4. Maxillulae. These are small thin, 
and leaf-like appendages of 5th segment. 

Coxa and basis are broad, and project in¬ 
ward as gnaihobases or jaws fringed with 
bristles. Endopodite forms a curved 
process bifurcated at the apex. The ex¬ 
opodite is absent. The maxillulae balp in 
the manipulation of food, 

5. Maxillae. These are thin, flatenned 
and delicate leaf-like structure present in 
the last cephalic segment. Coxa is small 
and incompletely divided into two representing a fusion of procoxa and coxa. The basis is large and produced into a forked and 
strongly setose gnathobasc, the limbs of the fork are called endues. Endopodite is small and unjointed but the exopodite is large, 
Oatenned and fan-like called scaphognaihiie. The movement of scapbognathite create a water current passing over the gills. It 
also bears sensory setae along its free margin. The maxillae help in manipulation and respiration. 




Fig. 47.7 Paloemona A—Maxilla, B—MuilloU. 


t»ul 


II. Thoracic Appendages 

There are 8 pairs of thoracic appendages in prawn. Anterior 3 pairs are called 
maxillipedes are remaining 5 pairs of palaeopods or walking legs. 

1. First maxillipedes. These are foliaccous. The coxa and basis of their 
protopodite extend inwards as two gnaihobases, each bearing two rows of spines 
on the inner border. Coxa bears externally a bilobed epipodite or primitive gill. The 
endopodite and exopodite are unjointed and bear setae. 

2. Second maxillipedes. The protopodite is represented by a coxa, which is 
short and bears setae on the inner side and a small epipodite and a gill on the outer 
border. Basis is short and is immovably joined with the endopodite which consists 
of five podomeres: (i) ischium, (ii) merus. (iii) carpus, (iv) propodus and (v) 
dactylus. Last two are bent backwards and inwards. Exopodite is long, slender, 
unjointed and is fringed with setae. The functions of second maxillipedc arc also Fig. 47.8 
the same as those of the first maxillipedc i.e. to help feeding as well as respiration. 
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3. Third maxillipedes. These are leg-like in appearance but possess same parts 
as 2nd maxillipedes. The coxa bears an epipodite on the outer side and setae along 
the inner border. The basis carries outer unsegmented expodite and an inner 
three-jointed endopodite. The first podomcre represents fused ischium and merus. 
the 2nd carpus and the third represents fused propodus and dactylus. 

4. Walking legs. The 5 pairs of walking legs differ from the maxillipedes in 
the absence of exopodite and cpipodites. Thus they have two segmented 
protopodite and a five segmented endopodite. These 7 segments are arranged m 
row. The fourth pair of legs represent the typical structure. It contains all the 7 
podomeres as cow, basis, ischium, merus. carpus, propodus and dactylus. 

In the fust and second pairs of walking legs the propodus is prolonged distally 

beyond ils articulation with dactylus and thus forms a fong fonteps^kc sttucmr^ - 

The structure is called cMaorpincer and foe leg rs crfM **» < eg. Vod****** „ Urge,and mom 

it to the mouth and also serve as foe organs of ofTenc. and deforce. In male foe 2nd parrs 
stronger than that of female. 


gill 


Fig. 47.9 
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The third, fourth and fifth pairs of walking legs are typical and 
non-chelate. In female, each of the third leg bears a crescentic female 
genital aperture on the inner side of its coxa, while in male, each of the 
fifth leg bears a slit-like male genital aperture on its inner side of the 
arthrodial membrane connecting the leg and thorax. , 

HI. Abdominal appendages j. 


A—I. WalUig leg. B-II. Wtlkiag lag. C- 


WalUaglfg. 


e*opodiic 


i yin pod 


tively called pleopods or swimmerets. These are biramous appendages and help in swimming. 

In a typical swimmeret (the 3rd abdominal appendage) the protopodite consists of two podomers j 
devoid setae known as the coxa and the basis which is cylindrical, bears setae on its surface and carries o 

^ _ ta ^ , nd ^ tl 
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First abdominal appendages. In these endopodite is reduced and appendix interna is absent. 

Second abdominal appendages of male. These are typical in female but in male the appendix interna gives off a rod-shaped 
process on its inner side called appendix masculina. It is covered with setae. 

Sixth abdominal appendages. The sixth pair of abdominal appendages, called uropods, are large and lie one on either side 
of the telson forming tail-fin which enables the prawn to take a backward stering in water. The coxa and basis fuse together to 
form a triangular sympod, bearing the oar-shaped endopodite and exopodite. The exopodite is bigger than the endopodite and 
incompletely divided in the middle by a transverse suture. Their margins, except the outer border of the exopodite, art fringed 
with numerous seatets. 


BODY WALL 

The body wall of Palaemon consists of an outer layer of cuticle a middle-single layered epidermis and an inner dermis. 

1. Cuticle. The cuticle of the body wall has become transformed into the exoskeleton which is thick and rigid at some places 
and thin and membranous at others. Cuticle is composed of two layers: (i) the outer layer is a thin non-chitinous epicuticle. It is 
yellow hyaline layer. It is further made up of two layers. Outer extremely thin made up of lipids and inner relatively thick protein 
layer. The protein layer b hardered and pigmented by its combination with an oxidised phenol. The epicuticle «s secreted by the 
tegumental gland cells present is dermis, (ii) The endocuticle contains layers of chitin and has three successive layers: the 
outermost layer b a thin pigmented layer, below it b thick calcified layer and under it b an uncalcificd layer. The pigmente 
layer b dark due to protein deposits and it becomes hardened by a process of tanning or sclerotization. In the calcified layer are 
deposits of carbonates and phosphates of calcium which make the integument hard. The chitin b an acetate of a polysaccharide 
containing glycosamine secreted by the underlying epidermb. The cuticle b relatively impermeable, except where it is turn ana 
allows the passage of gases or absorption of water. 

The seate and spines are the outgrowths of cuticle and have the same structure. 

2. Epidermb. It comprises a single layer of glandular columnar epithelium resting on a thin basement membrane which o 
secreted by the underlying dermis. The epidermb b often called cfcrogenooj epithelium as it secretes cbitm. 

3. Dermis. The dermb b thin and b made up of loose connective tissue beast with blood lacunae. It contains three type* of 
tegumental glands that open out by fine ductules passing through overlying epidermis and the cuticle. 


Table 47.1 Appendages of Prawn 
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BODY CAVITY 

In Palaemon the body cavity is mostly occupied by mus¬ 
culature and organs (having interspaces containing blood) and 
all these together form a body cavity or haemocoel. However, 
true coelom is restricted to kidneys and gonads. 

MUSCULATURE 

The bulk of the body of the Palaemon consists mainly of 
musdes which are enclosed within the exoskeleton. These 
musdes are voluntary or striated type. The unstrialed musdes 
are found in the orgns such as blood vascular system and 



connective lit we 


btood lacuna 


Fig. 47.14 


Vi. of sail. 


digestive system. There are two sets of musdes in prawn, the apoendimlar 

muscles for straightening and flexure of the abdomen. TV U “ , . tre se 8 m “^y the abdomm. 

set the limbs are flexed {flexor muscles) and by the contraction of othpT^f, “ opposia * By the contraction of or 
In the abdomen too such musdes are * • - - 1 limbs return to their nnrmai mvcM/m 


cor muscle become adduct a 
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closing Ihc chela, and ihc extensor, abductor. 

The extensor of abdominal muscles indude a pair of dorsal exsensor, four pairs of insertergal abdominal muscles, a pair of 
intertergal muscles and two pa irs of extensor of the telson. 

The flexors of abdominal musdes indude 5 pairs of main flexor (first 5-segmentsX four pairs of accessory flexor musda 
(first 4 segments), a pair of flexor (between first abdominal segment and thorax), two pairs of lateralthoraco - abdominal musdes, 
two pairs of flexor musdes of tdson and a pair of ventral superficial flexor muscles. 

All the appendages have their own musdes. 


ENDOSKELETON 


Palaemon has an endoskeleton in the cepbalothorax formed of a series of ingrowths of the exoskeleton called apodemes or 
endophragms. These ingrowths are connected together to form a regular framework that is known as endophragmal skeleton. 


The endopbragmel skeleton is wdl developed in the seg¬ 
ments 11-13, where, in each segment, it consists of an out¬ 
growth from the anterolateral end of epimeron of the same 
sternal segment called endopleuriteposterior. 

The endopleurite posterior meets an ingrowth bom the 
posterior-lateral end of the epimeron of the segment in front, 
called endopleurite anterior. These in turn meet respective 
ingrowths of the sternum of the same segment an endosternite 
posterior and an endosternite anterior. From the mesostemite, 
on each side arises an upwardly directed ' Y’ shaped plate. The 
inner limb of the Y is called mesophragm and outer 
paraphragm. These apodemes provide for attachment of ab¬ 
dominal flexor muscles while other apodemes are for the 
attachment of appendicular muscles. A typical apodeme with 
complete number of endostemites.endopleurites and Y shaped 
structure occurs only between 11 tb. 12th and 13th segments. In 
other segments the apodeme is incomplete. 



In mandibular region there is a H-sbaped structure, the 4?|J Pfl)ot(W „ 4nt JkB i*««d«*<lopangoul»iekM(4«- 
cephalic apodeme, for the insertion of muscles of branebios- ' ul»kw> 

tegites, small gastric muscles and the muscles of mandibles. 


DIGESTIVE SYSTEM 


The digestive system comprises, alimentary 
canal and digestive glands. 

1. Alimentary Canal. The alimentary canal is 
straight tube-like structure of varying diameters. 
It comprises: 

1. Foregut or stomodaeum. 

2. Midgut or mesenteron 

3. Hindgut or proctodacum. 



1. Foregut. The foregut comprises the mouth. 

buccal cavity, oesophagus and stomach. Foregut is f 47 , 6 p mlofmom ± AJimMUo'l»'«*l*** w - 
ectodermal in origin hanace it is internally lined by 
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ectoderm and cuticle. 


(i) Mouth. The mouth is large slit-like apertusc situated on the ventral side of the head below the anterior end. It is bounded 
anteriorly by a shield shaped labrum or upper lip. Laterally by the incisor processes of mandibles and postcriosly by a thin labium 
or lower lip which is bilobed. Mouth leads into the buccal cavity. 


(ii ) Buccal cavity. The buccal cavity is an antero- posteriorly 
compressed small chamber with irregularly folded thick 
chitinous lining. The molar processes of mandibles project into 
it and lie opposite each other. 

(iii) Oesophagus. The oesophagus is a short, wide, vertical 
tube joined with the buccal cavity and stomach. Its inner wall is 
muscular and is produced into four longitudinal folds: an anterior 
fold which is short, a posterior fold and two lateral folds, which 
arc large and more prominent 

The internal cutide of oesophagus is covered with various 
bristels. Oesophagus opens into the stomach; the opening is 
provided with a valve like structure. 

(iv) Stomach. It is a spacious chamber which occupies most 
of the cephalothoracic region. It is surrounded ventrally, laterally 
and posteriorly by bepatopancreas. The stomach is divided into 
two parts. (A) Cardiac stomach and (9) Pyloric stomach. 
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Fig. 47.17 Paiormo*. Ventral view of oral rvgioa. 
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(A) Cardiac stomach. It is the anterior sac-like pari of the stomach in which the layer of —' ~~ 

cutide on the inner surface is raised into many fine and indistinct longitudinal folds ">uieui 4 , 

which bear find bristles. The wall of stomach is supported by a number of articular I coal 

plates. These plates are as follows: 

(a) Circular plate is present in front of oesophageal aperture forming its anterior 

(b) Lanceolate plate is embedded mesially in the roof of the stomach just behind 

.. „ , poaterior fold 

(c) Hastate plate is a triangular plate embedded in the middle of Door of stomach. 

It is raised in the middle with sloping sides. Its upper surface is covered with a Fi « 4718 Poiotmo*. T.S. of ooopfcigu. 
thick growth of delicate setae. "Hie posterior broad margin is depressed and fringed with setae in to form the anterior 
valve of the cardro-pylonc aperture. The lateral margins of the hastate plate are supported by two circular supporting 
rods. A narrow lateral groove runs along the outer border of each supporting rod. ^ * 

(d) Groove plates form the floor of lateral grooves and are in the form of open drain pipes. 

W ° n iB tide “ fys - ’ by* long ridge pl.te or combed pU*. The two combed 

E b tee. .Tw y n S f f t™ . POS T^ ,,y by ard " > P yl0,K 'P'™'-riiner border ofe*ch combed 

py 1 o^:,om rd . , i P,,0riC by four velves, tteugh which otrdUc stom.d, opens m,o 
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(B) Pyloric stomach. Pyloric stomach is 
a short, narrow chamber. It is the 
posterior part of the fore-gut 
situated below the posterior end of 
the cardiac stomach. Its lateral 
walls are thick and muscular and p * ^ 

project into the lumen as thick. Ion- circular 
gitudinal folds dividing it into a dor- plll£ * 
sal and a ventral chamber. These ^niocioM I 
two chambers are connected by a ^ -J-ff 
narrow vertical passage. The Door ociophagu. TJ 
of the ventral chamber b elevated moUr —JC 
into a median longitudinal ridge so 
as to form two lateral compart- 1 
ments. The floor is provided with an n ' oulh 7 

• A * shaped filter plate or pyloric ft I- 
ter. It bears a series of longitudinal 

ridges having bristles and grooves, Fig.47.i9 Pal**** V.LS.of Foregei. 

which are felt-like. Thus, an effi¬ 
cient strainer or filter is formed, which allows only liquid food through 
it. At the posterior end of the chamber just behind the pyloric filter, 
there b a pair of small openings by which digestive juices from the 
hepatopancreatic duct are poured into the pyloric stomach. These 
openings are provided by posteriorly-directed setae, which act as 

valves to control the direction of the flow of the secretion. combed" 

plate . 

The dorsal chamber gives out a small blind caecum dorsally and opens 
into the mid-gut The junction of dorsal chamber and midgut b guarded by V 

the median dorsal and two lateral groups of elongated setae. These setae ^ ^ \ 
control the flow of food material. p, tle 

(v) Midgut or mesenteron. The midgut b a long, narrow, straight and 
slender tube running back along the median line above the mass of the 
ventral abdominal muscles upto the sixth abdominal segment Tbc internal 
lining of midgut b formed by epithelium which in the posterior part is 

thrown into many longitudinal folds thus greatly reducing its lumen. F I f . 47.20 

(vi) Hind gut or proctodaeum. It b the last part of alimentary anal 

which b internally lined with cuticle. Its donai 

anterior enlarged muscular part balled the chamber 

intestinal bulb and the posterior less wide fSfPT 

part b the rectum. It opens out through the 

anus which b placed at the base of the FA f [ Uic ral 

(vii) Amrs. It b a longitudinal slit. It b //Av \ P» k, " c 6 

surrounded by circular and radial muscle 

fibres. The former forms the sphincter and /jjOT 
the later acts as dilator. vcnsral 

chamber 

Histology. The wall of midgut consists 

of4 layers. Beginning from inside, these arc Fjfr4r2I A—TS. pytoric atom 

(i) An epithelial layer of tall columnar cells b-a ^ of pyk.de 

resting on a basement membrane, having 
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small basal or replacing cells (ii) A thin layer of circular muscle fibres 
(iii) A thick layer of longitudinal muscle fibres enclosing a plexus of 
blood lacunae (iv) A connective tissue sheath. 

The rectum also has the same layers except that its epitbel ial 1 ining 
is covered by cuticle and there is an additional layer of longitudinal 
muscle fibres inside the circular muscle fibres. 

II. Digestive gland. The Itepatopancreas is a large and physiologi¬ 
cally very important gland. It consists of a pair of orange-red 
coloured lobes lying dose to each other surrounding the cardiac 
stomach and has a massive appearance. It is a racemose gland 
which arises as a pair of tubular outgrowths from the midgut. 

These outgrowths grow, divide and redivide, thus forming a 
compact network which is held together by connective tissue. The 
wall of each tubule forming the gland is made up of four layers: 
the inner most layer of epithelial cells, a thin basement membrane 
on which epithelial cells rest and the outer most layer or tunica properia fouled of a network of connective tissue and muscle 
fibres. The epithelial layer has four kinds of cells (i) Hepatic cells which are columnar shape and with their cytoplasm filled 
with fat droplets (ii) Granular cells (iii) Irregularly scattered forment cdls and (iv) Basal or replacing cells. 

The hcpatopancreas perform following functions: 

1. It secretes enzyme for digestion of carbohydrates, fats and proteins. 

2. It serves to store glycogen, calrium and fat 

3. It helps in absorption of digested food material. 

Food and feeding. Palaemon is omnivorous, feeding upon aquatic weeds, algae, moss, insects and debris of bottom. It feeds 
at night. The chelate legs, aided by the third maxillipedes. capture and convey the food to the mouth. The coxae of the second 
maxillipedes hold the food, while the incisor processes of mandibles cut it into smaller pieces which are swallowed with the help 
of maxillipedes. maxillulae and maxillae. Inside the buccal cavity the molar processes of mandibles masticate the food, which 
is then conveyed to the cardiac stomach through the oesophagus. 

Digestion. The digestion of food starts in the cardiac stomach where the hepatopanaeatic juice from the pyloric stomach 
ascends up and mixes well with the food. Due to the alternate expansion and contraction of stomach wall the food is well churned 
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1 . Bmchiostexgic or gill cover. 

2 . Three pairs of epipodites. 

3. Eight pairs of gills or branchiae. 

1 . Branchlos tergite. The inner lining of brand, iostergite is thin, membranous 
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Structure of gjlLThe gills are almost crescentic or semilunar 
in shape. Each gill consuls of a central axis or base from which 
arise two rows of rhomboidal gill-pbies or lamellae. Leaving a 
deep groove called median longitudinal groove between the two 
rows, such a gill is known as phylobranch. The gill plates found 
in the middle of gills are large and gradually become smaller 
toward both the ends. In the middle of gill arises a small structure 
called gill-root by which it is attached to the thorax. Nerves and 
blood vessels enter or leave the gill through the gill roots. 

The base of the gill appears triangular in a cross section. It is 
made up of loose connective tissue which is bounded by epidermis 
and cuticle. There is a row of epithelial celts in each gill-plates, 
outside which is a thin layer of cuticle. The cells are of two types 
viz. pigmented and transparent alterning with each other. 


melon tngimdirul channel 



Fig. 47.26 Palaemon. TS. of gill UuraJ kmghudmal dome! 


Circulation or blood in gills. The gills are profusely supplied with blood. 

Three blood vessels run vertically in each axis - two lateral longitudinal 
channals along the two lateral margins and a median longitudinal channel in 
the middle. The lateral longitudinal channels are connected with each other by 
transverse connective, one of which, near the gill - root, communicates with 
the affarent branchial channel and receives blood from iL Each lateral channel 
gives a delicate marginal channel into each gill-plate which runs along the 
outer margin of the gill-plate and Gnally opens into the median longitudinal 
channel. Blood from the afTerent branchial channel passes into the transverse 
connective from where it goes into the lateral longitudinal channel, then 
through the marginal channel into the median longitudinal channel which 
finally pours the blood, at the gill-root, into the efferent branchial channel by 
a short connection. 

Mechanism of respiration. The exopodite of maxilla, called scaphog- 
nathite, is so situated that its anterior end penetrates into gill chamber and the 
posterior end lies outside. The gill chamber itself is covered doraally and 
laterally but is open ventrally. The vibrating action of the scaphognatbite bales 
out water from the anterior end of the chamber and simultaneously pushed a 
water current movement of the baler results in continuous entry of fresh water 
from behind and its subsequent exit from front The incoming water current 

notonlypasscsoverthegills,cpipoditesbutalsowashesthebranchiostergitcs. ^ 

The oxygen dissolved!., wa.er is uken into d>e blood .nd ebon dioxide pusa out T»e.eq>ii.lo«y»tai£l, hetmoevanu, 
remains dissolved blood. However. tt,e b.emocy.nin eonienl in Ibe blood blow, .hereto,., dre m^^Tof oxygeTu^ 
in as simple solution in plasma. 1 ^ “ “* en 
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The circulatory system in Palaemon consists of: 
1 . Pericardium 


1 Heart 
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3. Arteries 


4. Sinuses 

5. Blood channels 

6 . Blood. 

1. Pericardium. It is a wide thin-walled chamber 
around the heart and remains filled with haemocoelomic 
fluid. Its floor is in the form of a thin horizontal septum 
which lies just above the gonad and hcpatopancrcas and 
is attached to the dorsal body wall along its anterior and 
posterior aspects. The septum is attached to the lateral 
walls of the thorax along the lateral aspect. The pericardial 
cavity pumps blood into the heart. 
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Paloemon. Heart A— Do rial view, B —Ventral view. C— 
Lateral view. 


2. Heart. Tlic heart is a triangular, muscular structure 
with its broader base facing posteriosly and the apex in 
front. It is found in the pericardial sinus in the median 
dorsal part of thborax. A median longitudinal strand, the 
cardiopyloric strand, extending from the apex of the heart 
of the dorsal wall of the pyloric stomach, and two lateral 

strands, slratching from the lateral angle of the heart to the 

body wall, support the heart in the pericardium. The walls of the heart are very thick, muscular and extremely There are 

5 pairs of valvular openings, the ostia in the wall of heart The first pair of ostia is situated in the mid^ortal region. The second 
pair is found mid-vcntrally. The third pair lies on the posterior border. The fourth pair lie anteno-lalcrally ^ p 
postcrio-latcrally. The cavity of heart is not continuous but is traversed by a large number of interlacing muscle fl 

3. Arteries. The arteries are thick-walled muscular tubes, which arise from the heart and supply blood to different organs 
of the body. The main arteries arc following: 

_ _ 

(i ) Median ophihlmic artery. It arises as a single 

median cephalic or ophthalmic artery bo m the 
apex of the heart. It runs forward to the head region 
in the mid-dorsal line above the renal sac. Here it 
joins the two antennary arteries. 

(ii) /l nl enmity arteries. A pair of them originate from wpn mteuiMl 
the apex of the heart one from either side of the 
median ophthalmic. Each runs obliquely forward 
along the outer border of the mandibular muscle. 

During its course it gives out the following 
branches: 
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(a) Pericardial branch to the pericardium, 

(b) Gastric branch to the cardiac stomach, and 

(c) Mandibular branch to the mandibular 
muscles. 


nerve cord 


ventral abJommal 



Fig. 47.29 


ventral thoracic 

Petocmo*. Sfcowiog lean aad arteries 


Each antennary artery passes forwards and divides into two sub-branches: 

(a) Dorsal branch. It sends an optic artery to the eye and then ben inwar 
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a circular loop-like artery the cerculus cephalicus, which gives off a pair of rosiral arteries to the rostrum. 

(b) Ventral branch. It is also divides into sub-branches, one of which supplies the antennule called antennulary. Second 
redivides into two an antennal to antenna and other renal to the renal organ. 

(iii) Hepatic arteries. These arc also paired arteries, which arise from the heart on the ventxo-lateril sides of the roots of antenna ry 
arteries. They ramify into the hepatopanaeas. 

(iv) Median posterior artery. It is a small but stout artery which arises from the posterio-ventral surface of the heart and nms 
backwards. It immediately bifurcates into two branches. 

(a) Supra-intestinal artery. The supra-intestinal artery passes stright backwards along the dorsal surface of the intestine 
extending up to the bind-gut, while it divides into two branches supplying blood to the intestine and the dorsal abdominal 
muscles. 

(b) Sternal artery. The sterna! artery \s the sloutestofall others. It runs downwards and forwards through the hepatopanaeas 
and after passing through an aperture in the middle of the ventral thoracic ganglionic mass to reach the ventral side, it 
gets divided into two branches. The ventral thoracic branch runs anteriorly up to the mouth and supplies the sternal 
region, first three pairs of walking legs, maxillae, and maxillulae, etc. The ventral abdominal branch runs posteriorly 
upto the anus and supplies blood to the ventral abdominal region, last two pain of legs, pleopods and hind gut, etc. 

4. Blood Sinuses. The various arteries, on reaching the organs, branch repeatedly into minute branches which do not form 

capillaries but end into wide spaces, blood sinuses or blood lacunae. All the blood lacunae of the body collectively form a pair 

of elongated but ill-defined ventral sinuses. These lie below the hepatopanaeas and above the floor of thorax. The ventral sinuses 

communicate with each other at various places. . _, 

pchcAfdul umu 

5. Blood Channels. In Palaemon, there are 6 pairs of affarent 
branchial channels and 6 pairs of efferent branchial channels. 

These channels are lacunar in nature. The afferent branchial chan¬ 
nels run along the inner surface of the thoracic wall and reach the 
gills through the gill-roots. Here each channel opens into the 
tranverse connective. The fust afferent channel takes the blood to 
the podobranch and two arthrobranches. Remaining five channels 
supply the blood to the five pleurobranches. The blood is oxygnated 
while passing through the gills and this blood is carried to the 
pericardium by efferent branchaial channels. 

Course of blood circulation. It can be represented diagram- 
matically shown as below. 

6 . Blood. The blood is a thin, watery, almost colourless liquid 
containing floating colourless amoebocytes. The colour of the 
blood is faintly bluish, when it is oxygenated. The colour is due to the presence of a respiratory pigment Le. haemocyanin. It is 
a compound of copper and protein. There b also a lipoebrome pigment called zoonerythin in the blood. The blood has the power 
of coagulation when it comes in contact with air. 



wilting legi 
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(ii) Labyrinth 


476 


Palaemon 


end-uc 


rtlul 


HEART 



ARTERIES 


ARTERIA 
BRANCHESTO 
VISCERA AND 
APPENDAGES 


BLOOD LACUNAE 
OFTHEHAEMOCOEL 


VENTRAL SINUS 


PERICARDIAL 

SINUS 

t 


EFFERENT 

BRANCHIAL 

CHANNEL 


COURSE OF 
CIRCULATION 
IN GILLS 


(ill) Bladder 


AFFERENT 

BRANCHIAL 

CHANNEL 


MEDIAN LONGITU¬ 
DINAL CHANNEL 


MARGINAL 

CHANNEL 
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(i) End sac. Il is a small bean-sbaped 
structure lying in between the lebyrintb and 
bladder. Its wall is produced internally into 
folds and consists of two layers, outer thick layer of connective tissue with a 
number of small blood lacunae, and n inner tbin layer of excretory epithelium. 
The cells are large with finely granular cytoplasm and rounded nuclei. The 
cavity of end-sac contains a large blood lacunae and communicates with the 
labyrinth by a single aperture. 

(ii) Labyrinth. The labyrinth or glandular plexus is very much larger in size 
then the end sac and lies on its outer side. It is a mass of highly convoluted and 
extensively branched excretory tubules. Which open, on one band, into the 
end-sac by an aperture and on the other hand, into the bladder by several 
apertures. 

The wall of each excretory tubule is formed of a single-layered excretory 
epithelium whose cells have large spherical nuclei and slraited border. 


Chart Showing Course of Circulation in palaemon 


Ubyriiuh 





aiticniury 


Polotmon. SeCtlM ot AlMWIT 


(iii) Bladder. The urinary bladder is a thin-walled sac which consists of a 
single layer of excretory epithelial cells. It is situated on the inner side of the 
end-sac. Internally, its inner wall is continued as a short, excretory duct or Fi f .47j2 
ureter . which opens to the outside by a small renal or excretory aperture located 
on a papilla on the inner side of the coxal podomere of the antenna and m front of the labrum. 

From the bladder, a narrow Internal duct runs posteriorly •longue ^ 

by a transverse connective. These lateral ducts open into an elongated renal or nephroperao 

2. Rena, sac or- nephro-peHtonea, sac. It is a large median sac lying Jus, beneath the dors., shield. It covers the entrre 
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cardiac stomach and reaches the gonads posteriorly. Antcriosly it communicates with bladder of each side by the lateral duct. 
The wall of renal sac is made up of a single layer of Oatenncd exaetory epithelial cells. 

Physiology of excretion. The antennary glands perform two functions, excretion and osmoregulation. These glands arc 
richly supplied with blood so that by ultrafdteration, the water and dissolved substances are passed into the end sac. The filterate 
passes into the labyrinths. Where selective reabsorption lakes place. The useful substances are pass back into the blood. The 
remaining fluid, better to say the urine, flows into the bladders and the renal apertures. The urine contains mainly ammonium 
compounds, some urea and amino acids. 

Osmoregulation. Palaemon is a fresh water crustacean so that due to higher salt concentration of body the surrounding 
water continually diffuses into the blood through highly permeable gills. Excessive water is eleminaled along with nitrogenous 
wastes that is why the urine of prawn is hypotonic. 

Integument. The integument is also regarded as an organ of exaction in young stages. The nitrogenous wastes arc deposited 
over the integument, which is cast off now and then during eedysis. 


NERVOUS SYSTEM 


The nervous system of prawn is similar to that of eartbwonn in many respects. It consists of: 

1. Central Nervous System 

2. Peripheral Nervous System 

3. Autonomic Nervous System. 


1. Central Nervous System. The central nervous system includes a pair of cerebral ganglia, a pair of circum-oesopbageal 

commissures and a double ventral ganglionated nerve cord. 

(i) Cerebral or supraoesopliageal ganglia. It is a bilobed structure situated at the base of rostrum in front of the oesophagus. 
It consists of three pairs of fused ganglia, as it appears from the three pairs of nerves originating from it. 

(ii) Circum-oesopliageal commissure. There are two stout nerves, which arise from the posterior end of brain and run 
backwards and downwards around the oesophagus. It unites vcntrally with the sub-oesophageal ganglia which form the 
indistinguishable anterior part of the ventral thoracic ganglionic mass. Each commissure bears a small commissural 
ganglion near its anterior end. and gives off small netve to the mandible of its side. The two circum-oesopbageal 
commissures arc connected with each other by a slender transverse commissure near the posterior end. 

(iii) Ventral nerve cord. It lies in the mid-ventral line of the body just above the sternal plates. The ventral nerve cord is 
actually double but due to fusion it has lost its double nature. It bears 17 pairs of ganglia. First eleven pairs of ganglia 
belong to cephalothoracic region. Tbcsae 11 pairs of ganglia arc fused to from a single, large, oval mass called the 
cephalothoracic gangl ionic mass. It is perforated by the sternal artery near its bind end. The posterior 6 pairs of ganglia 
of the netve cord belong to the abdomen. The last abdominal ganglion is larger than others due to having several 
post-abdominal ganglia fused with it 

2. Peripheral Nervous System. It is formed by the paired nerves which arise from the various parts of central nervous system. 

(A) Five pairs of nerves arise from brain are: 


(i) Ant ennui ary nerves: A pair of antennuiary nerves arise from below the origin of optic nerves. Each nerve enters the 
antennule of its side into which it sends a statocystic branch to statocysL 

<H) A P, “ ° f Sl0U ' 0P,iC & ° m d ° n ‘ ° f UW b, * in ' onc on “<* ‘to. supply ihc 

(m> g y tr* A P “ r OtOp0a ' miC Dma fi0 " u,c bni "- — « «* “*■ *nd supply the oculu muscles in 

(*)A P* of s.ou. .mummy oen.es origuuie from the vemnd surf.ee of the brain. E.ch nerve divides 
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into two branches, the outer innervating the squama and the inner innervating the feeler of antenna. 

(v) Tegumental nerves. A pair of slender tegumental nerves arise just behind the origin of an;ennary nerves. These nerves 
innervate the labrum. 

(B) Mandibular nerve. It arises from the outer side of each circum-oesopbageal connective and supplies tbe mandible of 
its side. 

(C) Nerves from cephalothoracic ganglionic mass. 11 pairs of nerves are given out from the mass. 

(a) Mandibular nerves for mandibles. 
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(b) Maxillulry nerves for maxillulae. 

(c) Maxillipedenerves. There are three pairs of maxillipedc nerves 
which supply to maxillipedcs. 

(d) Peraeopod nerves. These are 5 pairs in number and supplying 
to the walking legs. 

(D) Nerves from abdominal ganglia. Each of the first four ab¬ 
dominal ganglia gives ofT three pairs of nerves in each seg¬ 
ment. 



(a) Pedal nerves. A pair of pedal nerves to plcopods 


Fig. 4734 Palaemon. Brala A—Dorul view, B—Vcalnl vUw. 


(b) A pair of nerves to the extensor muscles. 


(c) A pair of nerves to the flexor muscles of the succeeding segment 

(d) The vlb abdominal ganglion gives ofT 2 pairs of nerves, the nerves for the flexor muscles being absent. 

(E) The Vth abdominal ganglion sends two pairs of nerves to the flexor musdes of sixth segment, two pairs of nerves-to 
the uropods and two pairs of nerves to telson. 

3. Autonomic Nervous System. The autonomic nervous system comprises a few small ganglia and nerves. A small nerve 
arising from the mid-posterior part of the brain, bears two visceral oesophageal ganglion , lying one behind the other. The first 
ganglion is jointed with the two commissural ganglia by a pair of connectives. The 2nd ganglion gives off two pairs of nerves 
to the walls of the oesophagus and cardiac-stomach. 


ENDOCRINE SYSTEM 

The endocrine system comprises a group of neurosecretory alls in each eye-stalk. These cells secrete several hormones into 
the sinus gland lying adjaant to them. From sinus gland, hormone is poured in the blood. These hormones are believed to regulate 
• colouration of body and compound eyes; deposition of lime salts in the exoskeleton and moulting. Moulting is controlled by 
two hormons moulting inhibiting hormone is secreted by X-organs in the eyestalks and moulting acalerating hormone by the 
Y-organ present beneath the adductor muscle of mandible. 


SENSE ORGANS 


The sense organs of Palaemon are: 

1. Statocyst. 

2. Olfactory setae 

3. Tectile setae 

4. Compound eyes. 

1. Statocysts. The statocysts lie attached to the dorsal wall of the 
precoxa of each antennule and open through apertures on the dorsal 
concave surface. Each aperture is covered by a fold of skin. A statocyst 
is a subspherical cuticular sac about 1-1.5 mm wide. Each statocyst is 
supplied by the statocystic branch of antennulary nerve. 

The cavity of the capsule possesses a heap of sand particles lined by 
a number of delicate elongated statocystic setae. Each seta consists of a 
swollen base and a long shaft which is half bent upon itself and covered 
with fine bristles. The base movably articulates with the wall of the sac 
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by means of an arthrodial membrane and receives a fine branch from the statocystic 
nerve. 

The statocysts are the organs of orientation and equilibrium. In the normal 
swimming position, the sand grains lie on the floor of the statocyst under the influence 
of the force of gravity. When the body of a swimming prawn gels lilted to one side 
it causes the displacement of sand panicles in the same direction. This presses the 
sensory setae and stimulates them. The stimulated setae transmit this feeling to the 
brain and the prawn knows about its position and balances itself accordingly. 

2. Olfactory setae. These are also known as aestbetases. occur on the middle 
small feeler of each antennule. Each setae consist of a basal segment or shaft and is 
attached segment of blade. Shaft is hollow and is attached to the integument while 
the later (blade) is free and bluntly rounded and is covered with a thin membrane. 
Small nerve fibres from the antennulary nerve supply these setae. Fig 47 ^ 



Pa!or non. A—Textile seta, B—Olfactory Kia. 


3. Tactile setae. These are situated on the elongated feeler of the 
antennae and other parts of the body, especially on the appendages. 

Each seta consists of a swollen base or shaft and a distal segment or 
blade with its central axis. The blade is tapering and slightly inclind 
dislally and has two rows of barbs. The tactile setae are sensitive both 
to the surface as well as water cuncnl but get stimulates only when 

4. Compound eyes. There is a pair of compound eyes, which are B gt ■ 
black and hemi spherical. Each eye is situated at the base of short. BfoV ’ 
movable and two jointed stalk. Each eye is contained in an orbital notch 

of the rostrum. Each eye is actually a composite structure being 
composed of a large number of visual units called as ommatidia. There * 

are about 2500 such ommatidia in a compound eye. The surface of the 
eye is roughly hemi spherical and is divided into a large number of small square 
facets. Each facet corresponds to a single ommatidium. All the ommatidia are 
similar, displayed radially, lying side by side and separated by a dark pigment cells. 
Each ommatidium consists of following parts: 

(i) Cornea. The eye is protected externally by a transparent covering of 
cuticle known as comea. It is distinguished into facets like those of graph 
paper. 

(ii) Corneagen cells. These are flat one pair and of epidermal in origin. They 
secrete a new corneal layer after eedysis. 

(iii) Cone cells. Beneath the corneagen cells lie four elongated cone cells or 
vitrellae, which constitute a transparent, homogenous crystellme cone. 
The inner ends of cone cells arc long and tapering. 

This part of ihc eye Corn tbe comer to the posterior end : co« cM £ 
called dioptrical reg.cn as it is concerned w,.b .he focus,ng of tbe Itgb, on Ac 
underlying region known as receptor region. 

(iv) Rhcbdoce. Tbe inne, ends of cone cells lie upon »*£**+£ 

' ’ shaped, transversely striated structure known U M£n.**£** 

and surrounded by a group of seven clotpted>e*«^^wbieb ^ 
of the rbabdome are supported by a d cells from 

are continuous with the nerve fibres. The rbarxJ 

the receptor region. 
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Fig. 47 J7 Pot or non. LS. of compound eye (diagrarametlc). 
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(v) Nerve fibres. The ommatidia are inner¬ 
vated by nerve fibres of the optic ganglion. 

Each ommatidium is enshcathed by densely 
pigmented cells which optically separate from the 
adjacent ommatidia. There arc two sets of these 
pigmented cells: the iris pigmented cells formingMie 
iris sheath, round the dioptric region and the retinal 
pigmented cells that form the retinal sheath round 
the receptive region. 

Working of the eyes. The eye of prawn is so 
constricted that while it can swiftly spot out moving 
objects and is an efficient photoreceptive organ, it 
can neither focus properly nor can form a good clear A B 

image. Mounted on a movable stalk, it can move on Fig. 47 Palocmo*. a—A pposiUoa or miuic vbioo, B — S«pe»- 
the head and gives the animal almost 360* vision. politic ioigc. 

Each ommatidium of the compound eye produces a separate image of an object present just infront of it Therefore, the image 
formed of an object by this eye consists of several pieces contributed by many adjacent ommatidia just like a mosaic art net 
That b why it b called a mosiac vision. The nature of the image depends upon the intensity of light 

(a) Apposition Image. In bright light the pigment cells spread in such a way that they completely separate optically one 
ommatidium from adjacent No light can pass through the chamber walls from one ommatidium to the other. In thb condition 
the rays of light, which strike the cornea obliquely arc absorbed by the pigment cells without producing a visual efTect Only 
those rays of light, which pass directly through the centre of cornea, can traval through the ommatidium and reach the rhabdome 
to from an image of a part of object As a result the complete image formed b a mosaic of several components places in 
juxtaposition. Such as image b called apposition image. 

(b) Super Position Image. In the weak light, the pigment cells migrate partly towards the outer and partly towards the basal 
ends of the ommatidia. When this is the condition, even the oblique rays of the source of light are capable of forming a point of 
image, after passing through a number of ommatidia. Thus, a combined image b thrown on the retinular layer. In thb way, an 
erect superposition image b formed as the rays refracted by several crystalline cones are superposed on the focus of retina. The 
superposition image is less distinct in detail than the apposition image, but it b more sensitive to weak intensities of light 

REPRODUCTIVE SYSTEM 

The sexes are separate and there b a well marked sexual dimorphism. The males and females differ in several respects. 

1. The males are larger than females. 

2. Males have thoracic legs more closely arranged than in the females. 

3. Males have narrower abdomens then those of the females. 

4. In males the 2nd pair of chelate legs are longer and have a thicker covering of setae and spines. 

5. Males have appendix masculina arising from the appendix interna of each pleopod of the second pair 

6 ' ° f ‘ bd0,nin,l Mgm ' nB "* OT *" e ' “ “ e U “ n m Uk fun,l “. wbere they „t bigger in size for 

7. In males, the paired genital and thoracic openings 

legs covered by a flap of integument, while, in th 

the walking legs. . 

Male Reproductive Organs. The male reproductive system comprises: 


■re situated on the arthrodial membrane between the 5th pair of the walking 
e tern ales, tie generative apertures are situated on the coxae of 3rd pair of 



1. Testes. 



Palaemon 


2. Vasa dcfcrenlia 


3. Vesicula scminalis. 

1 . Testes. The testes are median dorsal structure situated in the posterior part of the 
thorax above the he pa to pancreas and below the pericardium. They extend anteriorly 
upto the renal sac and posteriorly upto the first abdominal segment. These are soft white 
structures which are fused anteriorly to from a single lobe, while at the posterior end 
these remain in close contact. The two testes enclose a central space or gap which gives 
way to the cardiopyloric strand connecting the heart to the cardiac stomach. 

Each testis consists of a large number of coiled, hollow thin walled seminiferous 
tubules buried in connective tissue. The cavity of each tubule is lines by a single layer 
of epithelium, the cells of which undergo spermatogenesis to form the spermatozoa. A 
mature sperm consists of a rounded cytoplasmic body, containing a large, dark crescentic 
nucleus, and a tail-like blunt process. 

2. Vasa deferentia. From the outer surface of the posterior end of each testis arises . 

a very long and nanow tube, the vas deferens. It is differentiated into two parts: the / 

proximal highly convoluted part which emerges out of the testis and the distal straight l 

part which runs vertically downwards between the abdominal flexor muscles and the 
thoracic wall. Each runs inwards to open into the vaskula scminalis. ^ 

3. Seminal vesicles. The distal part of each vas deferens enlarges to form a seminal <. 
vesicle or vesicula seminahs near the coxa of 5th walking leg. It is club shaped structure 
which opens to the outside through the male genital pore on the inner surface of coxa 

of 5lb leg. The male genital pore is covered by a small flap-like piece of skin. The 
vesicula scminalis stores the sperms. Fig. 47.40 

Female Reproductive System.The female reproductive system comprises follow¬ 
ing organs: 


vas deferens 


seminal vesicle 
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1. Ovaries 

2. Oviducts. 

1 . Ovaries. A pair of ovaries which are compact and 
sickle-shaped bodies touching each other at both the ends 
but leaving a gap in the middle for the passage of the 
cardiopyloric strand. The shape and size of the ovaries 
vary with age and the season of the year. Each ovary is 
enclosed within a membranous cansule and is made of 
numerous radial rows of ova in various stages of develop¬ 
ment. The immature ova lie towards the centre while the 
mature ova towards the surface of the ovary. The latter are 
large nucleated cells with planty of yolk material. 

2 Oviducts. From the middle of the outer surface of 
each ovary arises a short thin-walled ,ubc known “ 
oviduct. J anterior end is broad and forms ^ 
funnel. I. lies opposed .o the surface of ovary. Th 
runs vertically downwards to open to the c*tcn°r Ihy 
female genua! pore. It is situated on the tnne. stdc of cox. 
of 3rd walking leg. 
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Fertilization 

Breeding season in Palaemon b from May to July. During 
the season, the females cany eggs attached to their pleopods. 
Except in breeding season, the females are found without eggs. 
Fertilization b external. When ova are laid, they are attached to 
the setae on the pleopods with the help of a sticky seaetion of 
glands situated both on the appendages and on the body segments. 
The male, later on. deposits sperms near the genital openings, 
where fertilization takes place. It b not yet known that how male 
deposits spcrmatopborcs. 

Development 

In Palaemon lamarrei. P. malcolmsonii etc. The development 
is direct i.e. without larval stage. However, in other prawns 
(Penaeus, Lacifer) the development b indirect i.e. with larval 
stages. 

The cleavage b superficial. The nucleus of fertilized egg, 
lying in the centre, divides and redivide forming a number of 
nuclei. These nuclei are later on enclosed by masses of protoplsm. 
but areas of the separate cells do not become marked off by 
furrows cutting right through the egg. As a result of segmentation, 
a blastoderm b formed, which appears at first on the ventral side 
of the egg. Its formation begins at one point on the surface and 
proceeds gradually from tbb point, which always represents the 
future ventral side of the egg. Gastrulalion starts from the posterior 
end of the ventral side which b marked by the first formation of 
the blastoderm. 



Fig. 47.42 PoloemoH. Female reproductive ayuera. 



Fig. 47.43 Potoemom. TS. of ovary. 
Gastrulatton 



Fig. 47.44 Poloemon. Stowing development 
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the mesodei m at a later stage. Endoderm is formed by the cells, which 
arise from the floor of cndodcrmal vesicle and pass on to the yolk and 
multiply therein. Each of these cndodcrmal cells swallows the sur- cuoderm 
rounding food yolk, with the result the yolk mass breaks into smaller 
spheres. Afterwards the midgut is formed by the inter-penetration of 
the food yolk by the cells of gastrula. Fore-gut and hind-gut also arise 
by ectodermal invagination forming slomodaeum and proctodaeum. 

Both reach the midgut and finally fuse. 

When the mcsodeim appears for the first time, it consists of a 
mass of cells near the point of origin. These cells multiply rapidly and ^ ^ Pol<Kmo „ v .& of e«rly g»in>l». 
spread out apparently in an irregular manner between the ectoderm 8 
and the food yolk. 

The ectoderm gives rise to the external integument and an internal skeleton. Nervous system develops from ectodermal 
thickening. Vascular system is developed from the mesenchyme. Growth of the main parts of the embryo in size during which 
the entire yolk is consumed, results in a small individual which is similar to adult except size. After several moults the adult is 
formed. 

POWER OF REGENERATION 



Prawns and certain Cher crustaceans like lobsters, crabs, oyfisbes etc., have a power of regeneration " hc * ,s 
younc stages but very slow in adults for example, if the lip of eye is removed, normal regeneration takes place I f the enl m eye 
SUlk along wilh optic nctve is removed, an antenna like sliucture is formed. Such lype of regeneration m whtch notm.l organ 
is not developed, is called lieteromorpltosis. 

Crusuceans have the power of .ototomy. If. thoracic leg is broken in some mishap, its disul segments are sponuneously 


thrown off to feed the enemy. 



PRAWN FISHERY 


Prawn, a crustacean, commercially known as shrimps, is considered by most people a fish. Due to its nice taste, it is supposed 
to be a cherished delicacy to serve as food throughout the world. Prawn fishery implies capture of prawns from their natural 
resources and also their culture. It has sufficiently advanced in India. There are different varieties of prawn inhibiting sea, estuaries 
and fresh waters. Production of prawn in India is second to U.S.A. and it is also important because it is an important item of our 
export and the annual foreign exchange returns from 70-80 crores of rupees. 

TYPES OF PRAWN 

As mentioned earlier that prawn inhibits all sorts of water i.e. marine, estuaries and fresh water of temperate and tropical 
countries. Prawn fishing in marine water is mainly restricted to west coast. Kerala and Bombay coasts are the chief centres for 
the production of marine prawns. Among marine prawn, the older specimens line upto 30 metres deep and the younger one up 
to 18 meters deep. The important species of prawns found in coastal region and Penaeus monodon (the giant tiger prawn), P. 
indie us (Indian prawn), P. mergniensis (banana prawn), Meiopenoeus dobsom (yellow prawn), M. offinis, M. monoceros etc. are 
very common. Among these P. indicus occurs most commonly and constitute the bulk of production. It measures upto 20 cm in 
length. The largest being P. monodon, measuring 30 cm in length but it is not very common. Meiopenoeus dobsoni, Af affmis 
and M. monoceros are most suitable species to be cultured in India, Pakistan, Philippines, Malaysia, Indonesia etc. 

The species of estuaries prawns are the same which occur in marine water except Pence us stylifera. Which is exclusively 
marine. The important areas of prawn production in estuaries are southern half of Kerala Coast Several lakes like Chilka, Colliar, 
Eon ore, Pulicat etc are also some areas of prawn production. 

The exclusive freshwater species in Macroboachium sabricuLs, where as Meiopenoeus monoceros and Penaeus monodon 
are freshwater as well as marine, for freshwater culture, giant fresh water prawns. Macrobrachium resenberghi M. malcolmsoni 
are best suited. . v 


FISHING 

The method employed for fishing prawns are somewhat similar to that of fishes. Fresh water prawn are caught round the 

S0 * S f 1 ' h ! min T n f * nwn bul lre 01X1110 *** *ong west coast it is November to May, oflsbore fishing 

fiS « y 10 ° Cl0bCr ^ T C °“' & ° m DcCembC ' to Au * m Vlrious «yp« of nests are used for prawn 

oS^kJ C0mm0n ‘? , ** US€d 15 5041 siene * ,n 1 ***** *yp« of conical net supported by a pair 

of stakes is being used. Other types of nests like wall net drag net etc. are also used for this purpose. P 

PRAWN CULTURE OR FARMING 

f ". 0) TT* old •-Oco^v.Uw proems. Commonly edled « nadi,Umalm«hod* 

“>T V bnck “ h w * to “* *“«*<> for the purpose. Tie ponds rem.in 

tide they are rmrn'hiii'rh 7 " bySl “‘” g *'“ ^ “* kt P« op« <*«tag high tide when luv.e gel in. During low 

ind ^pmwns^ T’’’*" 8 gn>WiDg Up, ° * muk "* bl ' s “ 0 , the Held w„er is DUered 
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(»») Philippines, Japan, U.S.A. eic. are employing modem technique for culturing. This method is called intensive prawn 
culture. It includes the rearing of post larval stages of prawn and its breeding and spawning at desired places by providing the 
artificial environment Matured males and females are kept in small concrete tanks where temperature and oxygen concentration 
are maintained artifically. After spawning the adults are removed.The early larval stages are fed on phytoplanktons like diatomes 
where as the post-larval stages arc provided brine shrimp larvae, worms etc. as food. On attaining the desirable size, the larvae 
arc transferred to the production tanks. These tanks have two openings which arc connected to the main stream of water through 
water pipes with the help of hydraulic pumps, the water in poud is made to circulate. This method gives much more production 
than traditional method. 

In India intensive prawn culture is in experimental stage. Experiments performed by Kerala state at Narakkal, Vypean Island 
have shown an annual production of 363 kilogramms per acre. 

PRESERVATION AND PROCESSING 

Since the prawn is an important article for export, their preservation and processing is necessary. If distance is short, they 
are packed between layers of ice either entirely or after removing cephalothorax. For long time preservation two methods are 
employed. 

(i) Total drying 

(ii) Serai drying 

(i) In total drying, the entire prawn are dryed in tube sun for several days. In some places, they are boiled are thrased to 
remove the shell. Now they are packed for marketing. 

(ii) In semidrying techniques the prawns are boiled in 6% brine for just two minutes. After.that the shell is removed and 
the prawns are dipped in saturated salt solution for half an hour. The process is followed by drying in the sun, but the 
drying is slopped before the flesh gets too bard. Such semidried prawns when socked in water give the original taste 
after months. 

Besides other methods like chilling and freezing, pulp making, pickling, smoking and canning are also employed. 

PRAWN MANURE 

It includes semi-dried prawns and heads, tails and cbitinious shells of prawns. It contains 5-6% nitrogen and phosphates and 
cbitinous body shells if dried and powdered, provide prawn meal a protein rich poultry feed. 


POLLUTION 

Prawn fishery is affected by pesticides, effluents, metals and oils. 
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PERIPLANETA AMERICANA 


The cockroach is a familar type of the class Insecta belonging to order Blattaria. These are very ancient insects and are found 
practically all over the world except the polar regions. There are about 2600 species of cockroaches of which the common species 
in India are Periplaneta americana, Penplane la australastae. Blaiia oriemalis and Blaita germanica. Periplaneta a/nericana 
was originally designated as Blatta oriemalis by Linnaeus (1958), later changed to Blaiia kakeralac by De Geer fl973) and 
finally the present name was given by Burmeisier (1838). 

SYSTEMATIC POSITION 


Phylum 

- 

Arthropods 

Class 

• 

Insecta 

Subclass 

- 

Plcrygota 

Division 

• 

Exopterygota 

Order 

- 

Blattaria 

Family 

- 

Blattidae 

Genus 

• 

Periplaneta 

Species 

- 

americana 


HABITS AND HABITAT 

They are generally found in warm damp places particularly in kitchens, cupboards, hotels, drains. ship6, trains and even 
sewers. Cockroaches eat everthing fit for human consumption, besides they will eat leather, paper, cloath and wool, thus they 
are omnivorous. Sometimes when the food is not available they turn cannibal and cat each other. Cockroach is nocturnal i.e. it 
comes out to feed at night. Cockroaches are cursorial i.e. run very fast though they can fly also. The eggs are laid in oolhecac. 
The young ones hatching from oothecae resemble the adult in mode of life except that they are smaller in size. 

EXTERNAL CHARACTERS 

Shape and Size. The body of cockroach 
is nanow elongated, bilaterally symnunetrical 
and dorsoventrally flatenned. It is about 4 cm 
in length and one cm wide. 

Colouration. The colour is reddish 
brown. The tergum of the first thoracic seg¬ 
ment bears two dark patches surrounded by a 
light brown margin. 

Exoskeleton. The entire body is covered 
by a hard brown coloured chitinous exos¬ 
keleton. Each segment of the body has har¬ 
dened plates called sclerites which are joined 
to each other by thin flexible articular 

Pig- 49.1 Pcriplmtta. A-Dom] view, B-V«tr»l view. 
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membranes. 

Division of body. The body is divisible into three distinct region: 

1 . Head 


2. Thorax 


3. Abdomen 

I. Head. The head comprises the anterior body region of cockroach. It is sclerotized ajB^form^ 
sderites. often distinctly seen in the embryo. It lies at right angle to the longitudinal axis of body and is highly movable 
direction due to a flexible neck. «*«rvw4i iwwr. 

The head bears large compound eyes which VV - K 

are broad dorsally. A dark scleritc covers the top ‘ ‘ 

of the bead and extends downwards between the 3fc?jn Er 

eyes. It is called vertex. In the nymph the vertex is 

divided into two epicranial plates by an inverted Y^7 N 'VTf 

Y shaped epicranial suiure. During moulting of u»»«» —XlLL^V/J \ 

the numph, the head capsule splits at the epicranial u mM,,Uo ' p * ,p 

suture, and the epicranial suture disappears in 7f /T XvlWmnff T\ 

adult. The unpaired triangular plate, lying between ^ J 

the arms ofthe epicranial suture is the frons. Below \ ff\ gtta to ~- 

the frons is clypeus and labrum. Covering the sides a -'•a** ^ 

of the head and lying below the compound eyes arc • . 

check sclcrites or genae. In the angle between the fipA92 pfnplmeu Haad A Float view. 

a, «1......— — 

by an arched sderite. the occiput. 


muilUry (•%> 




The head bears a number of appendages. 
The antennae are a pair of long, multi-jointed, 
thread-like, movable structures attached infront 
of the eyes. Each antenna articulates in 
membranous pit. the antennal socket and has 
three parts a basal large segment, the scape, a 
short second segment termed the pedicel and a 
long many jointed flagellum. The antennae are 
considered to be modification of the second 
head segment 

Mouth Pans. These are movably-artku- 
lated appendages surrounding the mouth. The 
mouth parts arc chewing type. They include a 
labrum. a pair of mandibles, a pair of maxillae. 
a labium and hypopharynx. 


(i) Labrum. It hangs downwards from the 
membranous posterior part of clypeus and is 
actually an appendage of 3rd segment. It forms 
the anterior wall of the preoral cavity and is 
called the upper lip. It bears on each side of, ts 
inner anterior surface a scleritc torma and two 


rows of gustatory setae. 



Fig. 49J Perip/mtia Mooik pun 
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(ii) Mandibles. The mandibles articulate with the genic and lie on the sides of mouth just behind the librum. These ire the 
appendages of 4th segment and have ball and socket attachment with the bead. These are heavily sderotised and bear 3 - teeth 
like structure and a small serrated molar area. The upper inner margin bears a membranous lobe, the prastheca from which 
sensory hairs arise. Each mandible is worked by four muscles. 

(iii) Maxillae. Two maxillae lie below the mandibles. They are regarded the appendages of 5lh segment Each maxilla b 
biramous appendage consists of three parts: The basal protopodiie, inner endopodite and outer exopod'ae. The prolopoditc b 
made of two joints proximal cardo and distal slips. The exopodite is a long structure arising from a small projection, thepalpifer, 
on the outer side of the distal end of stipes. It is formed of 5 joints and known as maxillary palp. The endopodite b attached to 
the distal end of the stipes internal to maxillary palp. It is made up of two pieces, outer galea and inner lacinia. The lacinia bears 
bristles along the inner margin and ends in the two sharp daws. The maxillae bold food by the claws of ladnia and bring it to 
the mandibles for mastication. They are also used for cleaning of antennae, palps and front legs. 

(i v) Labium or second maxillae. The labium lies behind the Grst pair of maxillae- It is formed by the fusion of second pair 
of maxillae along the middle line. The basal joint of the fused prolopodites, is the submenium, the second b mentum and the third 
is premeruum. The endopodite of labium are almost separate, and arc together known as the ligula. Each half of ligula comprises 
two pieces the inner smaller glossa and outer paraglossa. The exopod it cs are also separate. They are called labial palps. Each 
labial palp arises from a short projection, \hcpalpiger, of the premantum and consists of three joints. The labial palps bear sensory 
bristles. The labium lakes no part in feeding, but the glossae and paraglossac together termed the ligula prevent the loss of food 
particles from the mandible thus acts as lower lip. 

(v) Hypopharynx. It is the tongue or lingua which lies between the maxillae and labium inside the mouth cavity. The salivary 
duct opens at the base of the hypopharynx. 


Neck. A narrow, elastic and a short neck joins the head with the thorax. Its exoskeleton is made up of chiUnous plates called 
cervical plates. It is nearly extension of an articular membrane and not a segmental region of the body. 

2. Thorax. The thorax consistsof three segmcnts(i)anteriorpr*/«omr, (ii) middle mesothorax and (iii) posterior metathorax. 
The exoskcleton of each segment consists of a nomm or lergum on the dorsal side, a sternum on the ventral side and a pleuron 
on cither lateral side. The tergum (pronolum) of the prolhorax is the largest and projects forwards to oonceal the neck and a part 
of bead also. The mesolergum and metatergum are smaller and rectangular. The scleriles 
of each segment and also those of the adjacent segments are joined by thin, soft, flexible 
arthrodial membranes to permit movement. 

Legs. Thorax bears three pairs of legs, one pair per segment. All the legs are similar 
in structure. They are called prolegs, mesolegs and metalegs on the basis of the segment 
which bears them. Each leg bears five segments: 

(i) Coxa which is attached with the thorax between pleuron and sternum, forms a 

morablc joint. 

(ii) Trochanter, which is smaller than coxa, can move fieely on it. 

(iii) Femur, which is long and broad. 

(*v) Tibia, which is long and of uniform thickness. 

(v) Tarsus, which is the last segment of the leg. It is made up of 5 movable podomerts 
The last podomert ending into two small-hooked claws is often called pretarsus. 
between the claws, there is a delicate, hair-covered porous pad. Ibtpulvillus or 
arolnwv The tarsal segments bear many fine hairs, while at their lower edges are 

«lateral extensions o f [he integument between the lergum tad^bcpIeunD^r^elniaiw ***• f**—A- 



■fcs 
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lOih icrgum 


end of Ibe segment. The first pair of wings arc heavily sclerolised and are known as elytra or tegmina, they are protective and 
cover the bind wings in a folded state, the left legmen partly overlap the right. The second pair of wings are membranous and 
larger, they lie folded below the tegmina when at rest. Each wing has two thin membranous layers tubular and chitmous 
prolongations of the bacmococl between them known as veins otnervures. They are highly sclerotized and enclose small traebae 
and even nerve fibres. 

The movements of each wing during (light are effected by two sets of muscular, the direct and the indirect muscles. The 
direct muscles are so called because they are inserted dirccdy on the sderites at the base of the wings. The indirect muscles are 
not inserted on the wings. One group of indirect muscle runs dorsally and longitudinally between the mesothorax and metatborax. 
the other group runs dorso-vcnlrally between the tergum and sternum. _. ...i 

3. Abdomen. The abdomen consists of 10 
segments in adult but 11 segments in embryo. 

Typically. each segment has its own tergum and 
sternum. The 8th and 9th terga of female and 
only 9th tergum of male arc largely covered by 
the 7th tergum. The 10th tergum projects back¬ 
wards beyond the abdomen and is cleft into two 
lobes whereas all abdominal segments have 
their own terga. there are only nine sternal 
plates. First sternum is small but all others are 
well developed. In the female the 8th and 9th 
sterna are invaginated and completely con¬ 
cealed by the enlarged boat shaped 7th sternum. 

This large sternum encloses a big space called 
oothecal chamber or gynovalvular chamber, 

where oothcca is formed. In males Ibe 8ib and .. 

9th sterna arc concealed by 7th stemum but " , ..mnintrd anal tivles Dtoiecling back from the 7th sternum. 

jointed, longer and thicker structures. These are present in both the sexes. 

, nm .l«.b«,cr C .g,o U pofc W . i .o«,boo kl .nd 

in copulation. Some chilinuous sirueiu.es in Ibe female have i similar pos.uon and form »n ovipos . 

In Ibe 10th segment just below tbe tergum is anus supported by . p.ir of podicalplaits. The gonopora rs both the 
occurs below the anus and is surrounded by gonapopbyscs. ^ 

Spiracles . There are 10 pairs of small slit-like apertures on the Mmldto ofof 
are lafgcr and situated on the thorax, one between the pf *ni £ e|| J 2 . 8i cach being located between the two 

the 8 pairs are called abdominal spiracles present on the sides of abdomin g 

adjacent terga and two ajcacen. sterna. c itherside to form. 

Sunk elands. The inicrscgmcntal membrane between tbe 5lb and 6th abdom.nal terga rs 
stink gland. These glands produce a secretion with a charactcnstrc odour. 

RODY WALL 



vatveof 

ovipoiiwi 
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Ptriplaritio Abdomen Upper A. D. C-Milc. lower. 
ADC—Fe»»le. 


The body wall has three distinct layers: 

(i) Cuticle 

(ii) Epidermis 

(iii) Basement membrane. 
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(i) CutiU. It is the outermost layer and is difTcrential into 
three regions: an outer epicuticula, middle exocuiicula and 
inner endocuticula. The epicuticula has an outer layer of wax* 
like lipoid and an inner layer of bard protein, but the cbilin is 
absent. It bears movable and fixed bristles. The exocuticle is a 
thick. laminated, flexible layer of chiton. It bears pigments and 
is sclerotized. It gives both rigidity and elasticity. The en- 
docutide is made up of protein and chiton arranges in horizon¬ 
tal lamellae. A few pore canals are present in exo-and 
endocutide. 

(ii) Epidermis or hypodermis. It comprises a single layer 
ofcolumnar epithelial cells resting on the basement membrane. 

It secretes cuticle. The gland cells which secrete movable 
hair-like setae that project from the surface of cuticle, are 
present in epidermis. 

In adult cockroach large oval cells are present below the F ‘ r m TS. of body w.u. 

epidermal cells called oenocytes. The ocnocytcs probably secrete wax. 

(iii) Basement membrane. The basement membrane is generally 0.5 micrometer or less in thickness and in electron 
microscope appears as a continuous, amorphous granular layer. It is composed of mucopolysaccharides. 

ENDOSKELETON 

The cndoskclcton in cockroach is made up of cbitin. The endoskelcton of bead is known as tentorium. It lodges in the 
posterior part of the head. It consists of a chilinous plate with a small aperture in it Three pairs of processes arise from this plate; 
anterior arms attached with clypeus and frons. posterior arms attached with the posterior part of the bead and dorsal arms bent 
towards the antennae. 



BODY CAVITY 

The true coelom is reduced and is represented by the cavities of gonads. The body cavity is filled with blood and is called 
the haemocoel. Loose tissues known as fat bodies or corpora adiposa art found in the body cavity. 

DIGESTIVE SYSTEM 

The digestive system comprises the alimentary canal and digestive glands associated with it 

I. Alimentary CanaL The alimentary canal comprises three regions. 

1. Foregut or Stomodaeum 

2. Midgut or Mescnteron 

3. Hindgut or Proctodaeum. 

St ° modatun> * * ■»* UP of epithelial cells and lines with cuticle. The stomadaeum comprises: preoral 

«vtty. pharynx, oesophagus, crop and gizzard. ^ 


(0 Preoral cavity It is bounded anteriorly by the labrum and dypeus. posteriorly by labium and laterally by mandibles 
00 e hud ^ 
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(lii) Oesophagus. Ii is a narrow tube tbat is 
present in tbc neck and extends into 
thorax to open in the crop. 

(iv) Crop. The crop is a large tbin walled, 
pear-sbaped sac extending well into the 
abdomen. It serves as a reservior for stor¬ 
ing food. Its outer surface is covered by a 
network of tracheae. Its internal 
epithelial and cuticular lining is very 
much folded. 

(v) Gizzard or proventriculus. The crop 
leads behind into a small, thick walled, 
muscular and cone shaped 
proventriculus. Anteriorly it bears an ar¬ 
marium and posteriorly a stomodaeal 
valve. 

The armarium possesses internally six lon¬ 
gitudinal folds that greatly reduce its lumen. These 
longitudinal folds alternate with six longitudinal 
grooves. The cuticular lining of each longitudinal 
fold forms (a) in the anterior part, a thick plate 
produced centrally into strong, sharp teeth and (b) 
in the posterior pari, a dun plate. Behind each 
longitudinal fold tbc cuticular lining of the gizzard 
forms a soft cushion-like lobe, the pad or 
pulvillus, with long, backwardl) directed 
hair. Behind the region of the pads the 
proventriculus extends into the lumen of 
the midgut as the stomodacal valve. The 
latter folds back on itself, and is thus ^ 
double-walled. pu 


meaerteron 


malpighian lubulc 


ileum — 



ulivaiy Ait* 


“ ulivary gland 


viaccrel ganglion 


glUAfd 




Fig. 49.7 Ptnplanrta Alincalary 


oaiculaf icclh 


- l(Xh Urgin' 


. cuticular tinning 


pro ventricular 
plate 


pro ventricular p 


2. Mcsenleron. Behind the gizzard is 
a tubular mesenteron or midgut lined with 
cndodermal cells, it performs the tasks of 
completing the digestive process and ab¬ 
sorption of food. The cndodermal cells of 
the midgut break down while secretory 
cells and their contents are discharged into 
the lumen and fresh cells are formed. From 
the anterior end of the midgut arise eight 
tubular hepatic caeca. From the posterior 
end 70-80 very fine, thread-like yellow 
Malpighian tubules are given out 


canicular hair — 
uomodcal valve 


hepatic cawuro 


. cndodermal lining 


Fig 49.8 
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Malpighian tubules are given ouu t fthiee ^ 

3. Proctodeum. Us wall is .Iso made upof ectodermalcpiihdram ^la^n^d ta si. groups. Tie 

ilium, colon and rectum. A. the junction of which help .n tie absorpuon of water. Tie rectum 

inner surface of rectum is raised into six longitudinal ndges. tne ec pap 

opens out through the anus. . __ lic caecae. 

Digestive glands. Associated with the alimentary canal the d.gesttve gl.nds are salivary g.- and hep. 
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glandular labea reservoir 



Fig. 49.10 Penplotria Salivary gUada. 



Fig. 49.9 P'friflariria. JS of gizzjrd 

1. Salivary glands. There are a pair of diffused whitish salivary glands, one 
on either side of crop in the thorax. Each gland has two branching glandular 
parts whose ducts form a common glandular duct Between two branches of 
each gland lies a thin walled sac-like reservoir. The ducts of both the reservoirs 
unite to form common reservoir duct which opens into the bypophanynx. The 
common glandular duct opens into the common reservoir duct 

Each gland consists of several secreting acini or lobules in grapelike 
clusters and connected together by fine tubules. Two types of cells are found in 
acini, zymogenic cells and ductule containing cells. Both types of cells secrete 
saliva which contain enzyme zymase and mucoid substance. Intercalary ducts 
from the various acini join each other and are connected to the reservoir where 
saliva is stored. 


zymogenic cctli 
in varioui phaie* 



nudci 


Fig. 49.11 Ptripianti* Secltoi of ulivary gUad. 


2. Hepatic caecae These are 7-8 finger-like, hollow tubes, ending blindly and open into the midgut. They secrete digestive 
enzymes. 


FOOD AND FEEDING 

The cockroach is an omnivorous animal and feeds on all sorts of food except metals, bricks, stones etc. The food is located 
by the sense of small, whose receptors lie on the antennae and palps. The food is caught and masticated with its mandibles and 
maxillae. The broken food is pushed into the pre-oral cavity with the help of labrum and other mouth parts. During chewing the 
food is mixed with salvia brought into the preoral cavity by the common salivary duct Amylase of saliva converts starch into 
sugar. Digestion of food started in pre-oral cavity by saliva continues in the crop. Enzymes from midgut also comr into the crop 
through the gizzard for the digestion of some fats and proteins. From the crop the food reaches giziard where it is ground by the 
contraction and expension of muscles and the cbitinous teeth. The food is than filtered by the bristles. In the mesenteron the food 
ls acted upon by the enzymes secreted by hepatic caecae and the lining of midgul The secretion contains many enzymes such 
aspeptasc, trypase, tnvenase and lipase. The digested food is absorbed by the lining of midgut and hepatic caecae. 

hard^^^r^rT 6 ^ f0rmCd roU “ d ** f00d f0r ^ P roleclion of the lining of it from the abrassion by 
l ^ ^ 10 a k f ^‘ ? C mcmbrane ** • cbitinous tube formed of the secretion from the funnel-like 

extension of the gizzard round the food. It is permeable to both, the enzyme and digested food. 

food^s cMv^t«T <1 r* >0 f ^ r reCh,n *i$! < f ,8 * lb ^ d ^ Ut '^ ,<,bsor P lionofwa,erla * tcs P* ICC in Ihe rectum and the undigested 

“ ‘ emp0mi,y S,0red “ rcctum fro*" where it is passed out at interval 


CIRCUUVTORY SYSTEM 
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The circulatory system is poorly developed. It is of open type i.e. the blood vessels open into spaces and not into capillaries. 
Thus ibe blood comes in direct contact with tissue. There are three main parts in the circulatory system. 

1. Haemocoel 


2. Heart 

3. Blood 

1. Haemocoel. The haemocoel devoid of true epithelial lining. It is filled with 
baemolympb. It is partitioned by a dorsal and a ventral diaphragm into three sinuses - (i) the 
dorsal pericardial sinus, containing the dr osal blood \-essel or heart ,(\\) the middle preivisceral 
sinus, containing the gut. and (iii) the ventral perineural or sternal sinus, containing the nerve 
cord. The diaphragms or septa are provided with pores or fenesirae. The ventral diaphragm 
also extends as septa into the legs. In each leg the septum divides its cavity into two sinucs. 
one for the outward and the other for inward fiow of blood. 

The pericardial septum is slighUy budged upwards. There are a series of paired triangular 
muscles, the alary muscles attached to the pericardial septum by their broad bases and to the 
terga by their pointed ends. There are 12 pairs of alary muscles in Periplaneta. 

2 Heart. The heart is a long, muscular contractile tube extending along the middorsal line 
just beneath the terga of thorax and abdomen. It is enclosed in the pericardial sinus. It is 
composed of 13 chambers, each chamber communicating by a valvular opening (auricular 
valve) with the one in front of iL The chambers communicate to the pericardial sinus by paired 
lateral openings called incurrent ostia. Ostia arc also valvular allowing the entry of blood from 
the pericardial sinus into the heart The heart is closed behind and is continued infront as a short 
tube the aorta which opens into the haemocoel of the head. It is provided with aortic valves. 



anterior *oru 


lUry muiclcj 


•egmenu 
or dumber! 
of the Keen 
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Mfffirtff (1951) has described that in roach’ Blaberus. there ate 6 paired lateral segmental dorwlvlcw 

blood vessels of which 2 thoracic and 4 abdominal pairs, trough these blood vessels the blood leave the heart. 

3. Blood. The b.ood o. baemolympb U conulned in *t haemocoel. I. is only d* e.dace.lul,, fluid and m.Kea .5-75* 
volume of the insect 


It consists of liquid plasma and numerous colourless blood cells 
or liaemocytes. There arc about seven types of bacmocytcs ( Wiggles - 
worth, 1965). The principal function of the baemocytes is 
phagocytosis i.e. the ingestion of small solid particles. Some 
haemocytcs fulfil the function of food storage since they conUta 
inclusion of glycogen and fat In insect the respiratory * 

absent in blood and thus plays no role in respiration. Instead it helps 
in transportation of digested food materials, collects nitrogenous, 
waste products from the tissues and brings to the exuactory organs 
for their removal, healing of wound transportation of the hormones 

etc. 
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relaxation of the alary muscles, the pericardial diaphragm bulges upwards, they press blood which enters the heart through ostia. 
The rate of heart beat in Periploneia in 49 per minutes. 
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RESPIRATORY SYSTEM 

In the cockroach respiration takes place by means of internal a ir tubes known as tracheae. 

These ramify through the organ of the body and its appendages, the finest branches being 
called trachioles. The air generally enters the tracheae through spiracles, which arc lateral 
in position in the thoracic and abdominal region. 

1. Spiracles. The spiracles arc derives from the mouths of the ectodermal invagination 
which give rise to the tracheal system. Ten pairs of piracies are found in Periploneia 2-pairs 
in thorax and 8 pairs in abdomen. The first pair lodge between protborax and mesothorax. 
second pair between mesothorax and metathorax and remaining 8 pairs arc present between 
the sternum and pleuron of first to eighth abdominal segments. Each spiracle is surrounded 
by an annular sclerite called peritreme and leads into a chamber called atrium from which 
the trachea arises. The spiracle is providided with the closing apparatus. The apparatus 
consists of one or more muscles with associated articular parts and by closing the spiracular 
aperture, prevents excessive loss of water 
vapour. The atrium is a specialised region, 
lacking taenidia or intima, provided with 
hairs which prevent the entry of sand par- 
tides with air. The first pair of spiracles is 
the largest and is in the form of oblique slit. 

The second pair is smaller and simpler than 
first 

2. Tracheae. The tracheae are elastic, 
cuticular tubes, which, when filled with air, 
have a silvery appearance in dissections. 

The cuticular lining or intima is continuous 
with that of external body surface and 
secreted by the tracheal matrix cells 
derived from epidermis. A delicate base¬ 
ment membrane forms the outermost coal 
of the tracheae. There are 3 pairs of large, 
parallel, longitudinal tracheal trunks, one 
dorsal, one ventral and one lateral in posi¬ 
tion. These are connected together by 
transverse commissures. 

The tracheae branch and rebranch to 
from ultimate finer branches called - 

hlV ?K a dUn :r 0f J On1 / ° ne miCTOn - Their C4ViUO >rc ie.. “Cb tracbeole is made of a single all. 

Their walls are very thin and devoid of intima, instead they are lined by a protein, the trachein They are permedable to water 
and are usually filled with a fluid in which oxygen dissolves and diffuse to the tissue. 



Fig. 49.15 /Vripfou/a Salivary glaadt. 


MECHANISM OF RESPIRATION 

i* 1 *«"< expouionlof l'rgos"n,al muscles Ihc leg. ,„d stem, conoid am J exp , nd „ , of which 
aspiration and expiration takes place. Expiration is an active process where as inspiration is passive The first nairs nf tho™™ 
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of spiracles by carbon dioxide. In expiration 
some carbon dioxide may passoul through the 
spiracles but the major part of it diffuses out 
through the cuticular covering of the body. 
Carbon dioxide also dissolves in the plasma 
and reaches the body surface which is perme¬ 
able to gases and allows carbon dioxide to 
pass oul 

When the cockroach is running, the 
oxygen requirement increases and special 
respiratory movements of the abdomen start 
The fluid present in the tracheolcs is 
withdrawn into the body cells and the air 
rushes forward to take its place, the oxygen 
reaches itself directly to the cells of the body 
tissues. It is not supplied through the medium 
of blood or haemolympb. 



EXCRETORY SYSTEM 

The excretory system is simple in cockroach. The principal excretory organs are the Malpighian tubules working in 
conjunctions with the hindgut. Some haemocoelomic structures, such as the nephrocytes.fat bodies etc. have also been regar e 
in the past as excretory organs. 

.. .1 _..»U 

Malpighian tubules. They are long, slender blind tubes lying the baemocoel 

where they are freely bathed by the haemobympb. They open at their proximal 

ends into the intestine, near the junction of mesenteron and hind gut. They arc 

regarded as derivatives of ectodermal proctodaeum. The Malpighian tubules are 

richly supplied with a reticulum of fine tracheae whose larger branches serve to 

maintain these organs in position. There arc between 60 and 150 in number and 

arc arranged in 6-8 bundles. Each tubule is about 16 mm. long and 0.5 mnv in 

diameter and is lined by glandular epithelium with a characteristic brush border. 

The glandular cells extract the uric acid, water and inorganic salts from the 

haemolympb and secrete them into the lumen from where they flow into the bind 

gut to be eleminated with the faeces. The rcabsorption of water takes place in the 

rectum. The Malpighian tubules have been observed to show peristaltic move- ^ 49l7 Pe nptan f u> TS. ot M.ip*S ,IB 

ments that bring more and more haemolympb in their contacL 
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gut to be eleminated with the taeces. t dc reaosurpuu..r- - 

rectum. The Malpighian tubules have been observed to show peristaltic move- 49 l7 Pt nptaneu> TS.<* M.tp*B ,IB 
ments that bring more and more haemolympb in their contacL 

The role of Malpighian tubules in regulating water balance and ionic concentrations presents complex b.opbystca p 

still not fully elucidated. ^ ^ usually 

Fat bodies. Tie fat-body is composed of irregular "*“** 

vacuolated and contain inclusionsof vanous kinds. Tit: fat' b * , “" lci in socialized urate ce/ls of the fat body, 

waste products (uric acid and urates) a,e ptesent in the torn of excretory granules t- 

Throughout the life these products ate deposited in these cells. indllI0l eins 

elsuratecellstbeotherty^ 
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These gland store uric acid and discharge it over the spermatopbore during copulation. 

Cuticle, some excretory substances probably accumulate in cuticle of the body wall shed along it during eedysis or moulting. 


■“■tfbular 

Peive 

•"axillary-** 

nov e 


_ cuaon 
oesophageal 
connective 
'lub octophagcal 
ganglion 
_ thoracic 


from*] 

ganglion 

pharynx. 


corpu. __ 
cardiaarT 

hypoeorehral 

**"gli« " 


'r, fronul 


from* I 

connective 


oexophagui 

_ eorpoi 
allaigum 


«»ophage«J 

nerve 


fanglion 




tkKiWe nerve 
cord 


abdominal 

ganglia 


ginard 


ganglion 


[()) _ abdomen*I Fig. 49.19 Ptnptmcia. Sympathetic oervoas aniem. 

ganglion 

NERVOUS SYSTEM 

Fig. 49.18 Ptnpttmtia. Nervo.a ayatent. ^ * *“**' *» «**">“»>• It comprises three 

I- Central Nervous System 
n. Peripheral Nervous System 
III. Autonomic Nervous System 

Z‘Z7j y "' m - " COmPriS “ 6rai " “ Cmbnl ga " gt ^ -*-**•-' ^oesopHa^a, 

. K , The brain or su P ra * oesophageal ganglion is a large and bilobed mass located in the head ahnve ,k_. 

between the bases of the antennae. It represents three fused ganglia of the head ,T i ' o«ophagus almost 
Protocerebrum, deuterocerebrum and tritocerebrum. The remaining three ganglia of the head f« v ! V '? Cd "l!° * h f ee P * m " **** 
Konghon which lies below the oesophagus, posterior to the brain. Tie h™in fid * ^ 

<*■ either side, by . circJoJ^Z^^ -h^pb.gc, g.ng.io„ .re Peered 

^ ae SU ^ i0Phl8 ' jl 8,08li00 ' * d ° Uble 1 — posteriorly ..ocg the mid-ventr,! 11 * of the thor,x 
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and abdomen. Tbc nerve cord bears nine ganglia, three in the thorax and six in the abdomen. The last abdominal ganglion is the 
largest, representing many fused ganglia of the posterior abdominal segments. 

II. Peripheral Nervous System. From the central nervous system arise nerves which go to different parts and constitute the 
peripheral nervous system. From the brain three pairs of nerves arise optic, antennary and labrofrontal nerves and go to the eyes, 
antennae and labrum respectively. From the sub-oesophageal ganglion also three pairs of nerves arise and go to the mandibles, 
maxillae, and labium as mandibular, maxillary and labial nerves. Several pairs of nerves arise from each ganglion of the nerve 
cord and they innervate the various parts of their segment; but from the last abdominal ganglion five pairs of nerves arise and 
go to the last five segments of the abdomen, one pair to each segment reproductive organs, copulatory appendages and anal cirri. 

III. Autonomic Nervous System. It comprises a few ganglia and connectives. A frontal ganglion is situated on oesphages 
just in front of the brain. It is connected with the brain by a frontal connective. From the frontal ganglion a median recurrent 
nerve passes backwards and bears the occipital ganglion behind the brain. From the occipital ganglion three nerves arise, 2-lateral 
and one median. The lateral nerves meet tbc corpora cardiaca. The median nerve runs backwards over the oesophagus and joins 
the ingluvialganglion which is situated on the «op. From the ingluivial ganglion, a pair of nerves proceed backwards over the 
alimentary canal. 


SENSE ORGANS 

Cockroach has a variety of sense organs meant to catch the stimuli of touch, taste, smell, sound and vision. Basically all 
these organs, except the visual organs, are build on the same pattern and are in the form of minute projections called sensillae. 
The sensillae may be present in enormous numbers and are supplied with a sensory nerve fibre. 

A typical scnsilla is derived from a hair-like process of the cuticle or seta which is set on a small circular membrane. Below 
this membrane is a large sense cell connected, on one side, with the nerve fibre and on the other with the setal process. Usually 
two more cells are associated with seta. A large trichogen cell, which is responsible for secreting seta and a tormogen cell wh ich 
gives rise to the membrane. The typical scnsilla is modified into two types - the tactile sensillae in which there 
cell and the chemical sensillae in which there is a group 
fluids or vapours. The acoustic sensillae are so modified 
as to be present in groups and associated with certain 
membranes which vibrate by sound waves. 

In Periplaneta. lectilc sensillae are distributed over 
the general body surface but specially on antennae, palpi, 
anal ccrci and distal segments of the legs; olfactory 
sensillae arc present on the antennae; gustatory sensillae 
on the palpi and other mouth parts and tbc legs; and 
acoustic sensillae on the base of tbc abdomen. 

Compound eyes. Of all the organs of special sense, 
tbc most important is a pair of large, sessile, compound 
eyes in the form of black, kidney-shaped patches on the 
sides of the head capsule. Each consists of about 2.000 
visual elements or units, called ummatuha, similar in 
Structure to those already described for the prawn in 
Chapter 47. 

The pigment cells arc. however, not retractile in Periplaneta so that it can sec only by apposition images. 

Ocelli. At the base of each antenna there is a fenestra which represents an ocellus or simple eye. Each comprises 
lens and is capable of preceding only the light and not the image formation. 

ENDOCRINE GLANDS 

The anterior par, of body contains a number of endocrine glands, many of which, from their position in the head are known 
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as retrocertbral glands. 

1. Neurosecretory celts. These 
cells lie in the brain. They are typically 
armaged in clusters in the pars-inter- 
cerabralis of the protocerebmm and in a 
more lateral group on each side. They 
secrete a hormone known as brain hor¬ 
mone which is probably a protein or mix¬ 
ture of proteins with molecular weight 
40,000. The hormone activates the 
prothoracic glands to secrete their hor¬ 
mone. 

2. Corpora cardlaca. Situated in 
close association with the aorta behind 
the brain is a pair of small bodies, the 
corpora cardiaca. Each is connected to 
the protocerebrum by a pair of nerves 

Fig. 49.21 Ptripian', 0 . Eadocitne gi.ad* * nd lo typocercbral ganglion by a 

single nerve. The bormome of corpora 
cardica arc those produces by its intrinsic cells and by the neurosecretory cells 
of the brian. The intrinsic cells arc known lo secrete at least two metabolic 
hormones, the hyperglycemic and adipokinetic. 

3. Corpora allata. These endocrine glands are situated laterally behind the 

Ttc'honnonc“(“‘'“‘•‘P* 1 "** 10,0V *' F '« l»ne*>. 

rhe hormone secreted by these glands is known juvenile hormone or neoienin 

UmTor m „Ch n i, fU " C , UOn , k “ “ ? ra ^ U0 " 0f *■«« P^tfnibryonic development During 
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REPRODUCTIVE SYSTEM 
The cockroach is unisexual with a disUnct sexual dimorphism. 

^ 1 M* due, 

they become nonfunctional and reduced. a arT>n 8 cd 10 longitudinal series. In the adult 

Vasa deferentia. From the bind end of each testis, there suits a fine dun ,k, ^ ^ 

backwards and inwards to open into a wide median duct, the ejaculatory ducr^ defcren S- The two vasa deferentia run 

B J ae * ktto V due ‘- The ejaculatory duct arise in 7th segment runs backwards and 


opens out at the male geniul aperture. 
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Mushroom gland. Il is present at the junction of vasa deferentia and 
ejaculatory duct. The mushroom gland or utricular gland consists of a number 
of blind finger - like diverticula opening into the anterior end of the ejaculatory 
duel The diverticula are of the three types: (i) long slender tubules known as 
uliriculi majores or peripheral tubules arising from the anterior end (ii) short 
tubules, the uticuli breviores making up the major portion of gland and (iii) 
postero-median short but relatively bulbous tubules known as seminal vesicles. 

Phallic or conglobate gland. It is a large, white elongated, sac-live 
structure lies beneath the ejaculatory duct that opens out near the male genital 
aperture. Its function is unknown. 

External genitalia. The genital pouch lies below the 9th and 10th ab¬ 
dominal lerga. It contains the dorsal anus and ventral male genital opening. 
Associated with the latter are the phallic organs or gonopophyses which help 
i7i copulation. 

The gonapophyses consist of three irregular cbitinous processes, the left, 
right and ventral phallomeres. (i) The right phallomere consists of two horaon- 
tal opposing plates, a sickle-shaped hook, (ii) The left phallomere possesses a 
broad base, from which arise several lobes or arms. A long slender lobe, the 
mill,nor, with a curved hook, lies on its extreme left. On its right is a short 
lobe, the pseudopenis, with a broad hammer-like bead. Inner to it arc three 
short, soft lobes, one of which, called the aspirate lobe, bears a curves book, 
(iii) The ventral phallomere is a brown broad plate without lobes. It lies close 
to the gonoporc. 

The sperms pass into the seminal vesicles and are glued together to form 
a spermetophore from the secretion of seminal vesicles. A spermatopbore is 
pear-shaped body, about 1.33 mm in diameter and its wall composed of three 
non * cellular coats. The first coat is secreted by the secretion of long tubules 
of utricular gland and sperms flow into it. The second wall is secreted by the 
secretion of ejaculatory duct and the third wall is secreted by the secretion of 
phallic gland. 

Female Reproductive Organs. The female reproductive organs com¬ 
prises, ovaries, oviduct, vagina, gynatrium, collateral glands and sper- 
malhccae. 

Ovaries. There arc a pair of ovaries lying between 2nd to 6th abdominal 
segments. Each ovary is made up of 8 ovariolcs. Which are yellowish in 
colour. Each ovariolc is made up of 5 parts: The anterior most thread-like 
structure called terminal susponsary ligament which is syncytial. It is 
followed by germarioum containing cells at an early stage of egg formation. 

It is followed by vilellarium containing mature ova and gives beaded *p- 
pcarcncc. It is followed by egg chamber which contains only one mature 
ovum. It is followed by perdical Ftg. 49.24 



Fig. <9 23 PrripImeUL M»k reproductive orgiu. 
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workers that there is a single spermatbeca and it has a lateral coiled caecum. 

Collaterial glands. A pair of highly branched collateral glands lie behind and above 
the ovaries. The left gland is more opaque and well developed. The right gland is 
transparent and less developed. The two open into gynairium or genual pouch through 
their openings. The secretion of these glands provides material for the formation of 
ootheca or egg case round a group of eggs. 

External genitalia. The gynatrium or genital pouch is formed by the 7th, 8th and 
9th sterna. The sternum of 7th segment is boat-shaped and splits posteriosly into two 
parts, the apical lobes or gynovalvular plates. This forms the floor and side walls of the 
brood pouch. The 8th and 9th sterna form the anterior wall and roof of brood pouch 
respectively. The pouch is divided into twoebambers - a large posterior ootheca!chamber 
and an anterior genual dumber into which open the vagina, spermatbeca and collaterial 
glands. 
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Fig. 49.26 Ptriplmtu. A—Veairal pkalloaeit. B—Left pg,|. 
looerc, C—RJght phalloaae. 

The gonopore is surrounded by three pain of symmetrically 
arranged, plate-like, cbitinous processes, thegonapophyses. Of these, 
one pair arises flora the 8lh abdominal segment, while the other two 
pans belong to the 9th abdominal segment Hie gonapopbyses serve 
to hold the ova as they are laid and also aid in the formation of ootheca 
round them. They, thus, act as ovipositor. 

Copulation.The breeding season of cockroach is from March to 
September. Copulation occurs in night The male and female cock¬ 
roaches come opposite to each other in such a way that the posterior 
ends of then abdomen touch each other. The male opens the genital 
chamber of the female with the help of its Utillaior and pushes its 
phaUomeres in to the genital chamber of the female. At the same time 
the dorsal phaUomere opnes the male genital aperture through which 
the spennatopbore is deposited on the spermathecal papilla The 
^ ° VCT lhe s P erTn * , opbore which fixes 

T y 10 s ‘ tomilh€C * J harden to 

form the third wall of spennatopbore. The copulation lasts about an 
hour and a quarter, after which the two cockroaches separate The 
sperms pass from the spennatopbore into the spermatheca^owly in 
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Fig. 49.29 Periplaneta. Fcm.k reproductive organs >• Uural vkw. 



Fig. 49JO Periplimeta. Oolbec* proindiag from ibdomco 

female. 


Ootheca Formation. The mature eggs are released alternately by 
each ovary into the common oviduct They slowly move backward and 
come into the genital chamber through the female genital pore where 
they are fertilized. Soon after fertilization, the collateral glands pour 
their secretion over the fertilized eggs forming a bard covering over them 
called ootbeca. The ootheca is shaped and moulded by the ovipositor 
and the wall of oothecal chamber. The ootheca is 12 mm in length. On 
one side it has a straight crest with a serrated margin. It contains 16 
fertilized eggs standing vertically in two rows. The female cockroach 
moves about with ootheca for several days and then keeps it in a dry. 
dark and safe place. 



Development. The eggs are enclosed in ootheca. Each egg is A -Fim K-Se«»4 

laterally compressed being concave on one side (future ventral side) and Fig 49Ji N>-mpb» enpl 

convex on the other. Cleavage is superficial. The nucleus divides and "*'■ ^ 

redivided and surrounded by a stellate mass of protoplasm forming the cleavage cells. When' ^ , bltsnj „, 

produced, they migrate to the periphery of the egg forming blastoderm, surround,ng **^n*»™ from ^ 
gaslnilation takes place shortly after. A differentiation in the gastrul. results into early sepa 

blastoderm by an amniotk cavity. Its three germinal layers gradually from the v.nous organs of nymph. 

Hatching. A split of the dorsal keel of the ootheca id»ses Ihc.nympte. 
in colour and bear dark eyes, soon the integument becomes dark. The young ones^ ^ oymphs sbcd jhclr 
resemble the .dull These .re died nymphs. They gradually grow into ,bought about by • hormone 

fnlegumenl .. interval. This process of css,mg the integument ts called moulting. is died rmdnvn. 

secreted by pro0.or.cic gland. The skin cast ofTby nymph “Zt s* or seven moults and .n equal number of touts In 

The form of nymph between two moults ts died aaur. There .re ° meUmo ,pbosis. 

cockroach. The metamorphosis is called paurometaboltc development or gra 
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The houseflies of the genus Musca are very common in bumsn dwellings. They ire in plenty during the rainy season, though 
they ippeir eirly in spring and continue till late in winter. In winter most of than die, but many survive in warm places. There 
arc several species of housefly, Musca domestica l common in Europe, M. nebulo in tropical countries like India, Pakistan, Sri 
Lanka, Burma etc, M. vicina is common in all Oriental countries. 


SYSTEMATIC POSITION 


Phylum 

- Arthropods 

Class 

- Insects 

Subclass 

Pterygota 

Division 

- Endopterygota 

Order 

- Dipten 

Genus 

Musca 


HABITS AND HABITAT 

The houseflies bss • world wide distribution. They sre ibundcnlly wound bum.n blbiUUon snd filthy and dirty plaos. 

VCT> '*? , !*i < .. ltni *l MI ‘Prtbg. summer and autumn. They like light, and rat at night on the 
wtaEfh. riame^L n “ d deat *“ “ numb " “ November. The survivors pass 

EttSSET*' “ ” mf0rab ' 1 ' di " b ' V ' rtC *' ‘ Urf *“ ,nd “*' k »*** *»» « ■ witt Z 


With the help of sponging type of moutbparts they 
uke liquid food. They are unisexual. Their life-cyde 
show complete metamorphosis. 

MOROPHOLOGY 

Shape, Size and Colour. It looks somewhat ovoid 
without wings and nearly triangular with wings at rest 
It is about 1.92-2.2 mm in width and 6-7 mm in length 
Its dark grey body, with yellowish tinge on the ventral 
side, has four longitudinal lines on the throax and one 
black streak on the abdomen. 

Division of body. Body is bilateral and is divisible 
into three regions. 



1. Head 

2. Thorax 


Fig. 50.1 tfwcMfcW.. 
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3. Abdomen 

/. Head. The head is as wide as rest of the body. It is mobile and covered with hair and bristles. It bears following structure:. 

(i) Compound eyes. The compound eyes are large occupying almost the whole of hemispherical head, thus provides a wide 
field of vision. Each eye bears 4000 ommatidia. 

(ii) Ocelli The ocelli or simple eyes are 3 in number. They lie on the top of the head (vertex) medially between the compound 
eyes. 

(i\\) Antennae. The antennae are located in a depression in the middle of the front side of the head. 

Each antenna is three-jointed; the proximal joint is called scope, the middle pedic'l and the distal/IdgeWum. The 
is the largest and bears a three-jointed process called arista. The two basal segments of the arista are extremely small. The 
long distal segment bears two series of long hairs or spinulae. The antennae serve as sense organs. 

(iv) Mouth pans. The mouth parts are sponging type 
adapted to suck a liquid food. It comprises the probos¬ 
cis which is fleshy and retractile. The proboscis con¬ 
sists of three parts. The basal rostrum, middle 
haustellum and the distal oral disc or sucker. There is 
a Movable joint between, the rostnim and haustellum 
so that the haustellum can be folded back beneath the 
rostmm in resting condition. The rostmm bears a pair 
of dark brown or black, dutvsbaped maxillary palps 
on its front side. The haustellum has a groove on its 
front side which contains the labrum - epipharynx and 
the hypopharynx. The edges of labmm - epipharynx 
are rolled to form a tube like food channel. The 
hypopharynx encloses the salivary ducL The oral disc 

comprises oval oral lobe or lobelia. The oral lobes are a _Ho«d« r-m, B-Probmb ..Urged. 

traversed by. network of fine grooves or channels. F* 50 2 

called psudotracheae. All pseudotracheac lead to the ^ ^ |jquid food collected by the 

centrally located mouth apartur', to which the tip of the , obes arc provided on .be undereutf.ee 

pscudobracheae can be sucked up by the pumprng amionof the pharynx. The oral lobes P 

with minute, teed, like stnicture for breaking up solid food. # , 

called the halters. The baiters bear sense organs and serve "g 

during flight and g vc . jo i n ied tarsus, laminating 

US a * - *** *' pro thorax aod mesoOmre. 

The thorax has on ^^^^^^ps^^y be opened or dosed to a limited extent by die action o 
and the other just below the balteres. I ncy n 

special muscles. |he ^cond is reduced, the third to the 

the visible segments the terga arc large and extend venira y 
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segments two to six. In the female Ibe bidden segments seven to ten form a tubular ovipositor wbicb protrudes and can be seen 
when the fly is depositing eggs. 


BODY CAVITY 

The body cavity is greatly reduced by air-sacs, 
thoracic muscles and fat bodies. It is represented 
by narrow spaces, the sinuses, among the viscera. 
It is not lines by epithelium and contains blood. It 
is, therefore, called the haemocoel. It is incom¬ 
pletely divided by a horizontal partition, the 
pericardium, into two compartments; the small 
dorsal sinus that surrounds the heart, and the large 
ventral sinus that contains the remaining viscera. 
The two communicate through a passage bounded 
by pericardial cells. 
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DIGESTIVE SYSTEM 

The digestive system comprises the alimentary canal and digestive glands. 


I. Alimentary Canal. The alimentary canal is complete 
and comprising three regions: foregut, midgut and 
hindgut. The foregut and bindgul are ectodermal in 
origin and internally lined with cuticle. 

(i) Foregut. It includes: 

Mouth. It is situated in the middle of oral lobes, leads 
by way of a grooved channel into a pharyngeal bulb. 

Pharynx . It is a tubular organ provided with muscles 
for sucking food. Just within the head capsule, it marges 
oesophagus. 

Oesophagus. It is also a tubular structure passing 
through the cerebral ganglia. After entering into thorax the 
oesophagus leads into the gizzard or proventriculus. 
Before opening into gizzard, the oesophagus gives of! a 
straight, slender duct which extends the length of thorax 
into the abdomen, where it expands into a large bilobed 
muscular crop. 

Proventriculus. It is a small, circular chitinized sac 
lying in the prothorax, receiving oesophgus on its ventral 
side. 

(ii) Midgut. It includes ventriculus and proximal intes¬ 
tine. 


U1.VM* 
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Ventriculus or chyli stomach. The proventriculus 


-- .. •piuvcnmcuius 

opens into the ventriculus. It is a straight, spindle-like sac, lines with cojutnaar eniih.th, ix . . 
large number of sacculi. The ventriculus is followed by a long coiled tube known as | * ep,lW um k fol<led to fori 
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(iii) Hind gut. Il comprises a distal intestine and rectum. The distal intestine b similar as proximal intestine but it is much shorter. 
It bears a rectal valve. The rectum is a dilated sac. It has tuberclated cuticle in anterior part. 4 rectal glands in middle part 
and thick muscular wall in terminal part. It opens out through the anus. 

11. Digestive glands. There are a pair of salivary glands. These arc wavy tube of uniform diameter. These are lined with cuboidal 
epithelium. Each gland gives off a salivary duct anteriorly. The two ducts unite to form a common salivary duct. The duct 
passes beneath the oesophagus. In the rostrum the common salivary duct is expanded to form the salivary syringe that pumps 
saliva onward to the hypopharynx. 


FEEDING AND DIGESTION 

During feeding the proboscis is extended and the two expanded oral lobes of the labella are placed on the exposed liquid 
food. If the food material is solid the fly first pours a lilUe saliva or regurgitated droplets of liquid from its crop to liquefy it and 
then sucks the liquid. The liquid food fills the tubular pseudotracheae by capillary action. The pseudotrachcae then converge 
into mouth, whence the food rises up the food channel due to the suction force set up in the muscular pharynx. The a hmcnlary 
canal is long and coiled with the pharynx, oesophagus, crop-gizzard, stomach or midgut and rectum. The two small salivary 
glands pour saliva on food to hydrolyse starch. Digestion and absorption mainly take place in the mid-gut. 


RESPIRATORY SYSTEM 

The respiratory system is highly developed. It consists of three components: the spiracles, air-sacs and tracheae. 

Spiracles. There „e 7 pairs of spiracles in . female am) 9 pin in .be male. Of which firs. two pairs ant »««fc. 
arc abdominal. Each spiracle leads imo a shallow vesiilmk which .s partly separated by a valve-llke mechanism from die 

inside. 

Tracheae. In .be abdomen, .be ...» lead in.o Ore tracheae whereas in .be .borax the 
sacs from which small tracheae extends to muscles and other Ussucs. The ™ air sacs rcrnai „ expanded 

in the head and a pair ol very large abdominal air sacs in the abdomem The cephalic and few *o»ac » £» <’ finc ^ bulcS( 

where as the others are collapsable. These are the reservoirs of air. The tracheae branch and rebranch to form the 

the trachioles. 


The trachioles participate in the exchange of gases. 

CIRCULATORY SYSTEM 

The circulatory system of housefly is very simple andopen type as and is divided inlo 4 

lying in a cavity i.c. the pericardial sums along .be mid^ortrt Imel' emends ^ rialdU | sinus. The an.enor 

chambers. Each chamber having a pair of open.ng through which ,bc „ B , ary Seles. Besides heart .here arc 

end is continued in.o a slender dorsal aorta or unrer'ornoro Thebe.rts suppo y £ wbic b assist in orcul.hon 

4 accessory pulsa.ing organs called auxiliary hearts .1 .be base of each w.ngs 

The dorsal aorta continue along the s.om.cb.nd d ^ r.'^e^o's^and a small £rsal 

the blood into U,e anterior part of haemocoel. The haemocoel is mcomple.el, 

sutus or per,card,al struts, by a horizon... part,bon. U.e per, card, too. ^ 

The blood is colourless and is called .he S^e ofma.eri.ls. 

lutemocytes. I. does no. contain any .esp.rab.ry pigment. I. helps in pbys,o.og 

EXCRETORY SYSTEM 

In houscl, .be excre.ory system cons^of-e pair '°" g ' 


NERVOUS SYSTEM 
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In bmistily the supraoesophegeal ganglion, sub-oesophageal 
ganglion and circumoesophageal connectives are fused to form a 
common mass which is perforated by an aperture for the passage of 
oesophagus. The ventral nerve cord bears a compound thoracic 
ganglion which is formed by the fusion three thoracic ganglia. 

From brain a median ocellar nerve is originated and is supplied 
to ocellus. A pair of antennary, paired pharyngeal nerves, paired ac/vaoord 
labial nerves innervate their respective organs. Paired cervical ^ 
nerves arise from the nerve cord before joining to the compound a* 
thoracic ganglion. It supplies to the muscles of neck. From com- gm 
pound thoracicgaglion a pair of eachprothoracic, mesothroacic and 
metathoracic dorsal nerve arise which innervate the thoracic 
muscles. A pair of each of accessory mesothoracic and 
metathoracic dorsal nerves arise from the thoracic ganglion and M 
suppliment the corresponding dorsal nerves in supply. To the legs, 
a pair of each prothoracic, mesothoracic and metathoracic crural 
nerves are supplied. Two pairs of abdominal nerves are given by the 
dorsal nerve cord behind thoracic ganglion in the region of thorax. abOom 
In the abdomen a series of abdominal nerves are given alternately 
on right and left to supply abdomen. The dorsal nerve cord ends in 
the genital organs. 

REPRODUCTIVE SYSTEM 

The sexes are separate and are slightly different in size, the 
female being slightly larger than the male. 

I. Male Reproductive Organs. The male reproductive organs 

consist of a pair of testes, vasa deferentia. ejaculatory sac, ^ 50 5 

ejacultory duct and penis. 

(a) Testes. A pair of brownish, somewhat pear shaped or pyriform testes 
are present in 5lh abdominal segment. 

(b) Vasa defere/uia. From each testis a duct arises known as vas deferens 
and extends forward. The two vasa deferentia unit to form a median 
tube, the ejaculatory duct 

(c) Ejaculatory duct. It is a much coiled structure, anteriorly it is wider. It 
enlarges posteriorly to form ejaculatory sac 

(d) Ejaculatory sac. It is a muscular sac like structure supported by 

ejaculatory sclerites. It helps in ejaculation of seman. 

(e) Penis or Aedagus. The sclerites of 6-10 abdominal segments arc 

modified into the external genitalia. There is a complicated penis. It b 
made up of a hollow theca followed by a delicate, hyal me g/ans bearing 
a male genital pore ^ 

IL Female Reproductive Organs. It consists of a pair of ovaries, oviduct, 

spermathecae and accessory glands. 

(a) Ovaries. These are a pair of whitish, dbc-like structures occupy milor 
portion of the abdomen. Each ovary Is made up of ovarioles and their 
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number is 70 per ovary. Each ovariole consists of ova in various stage 
of development. 

(b) Oviducts. Ail the ovarioles of each ovary lead into a very short, thin 
walled tube, the oviduct. The two oviducts units to form a curved 
common osdiuct. It dilates to form sacculus which is followed by a 
still larger vagina. The vagina opens out through female genital pore 
present in the 9th abodominal segment 

(c) Spermathecae. These arc three (one right and two left) long tubular 
structures which open into the genital tract at the junction of sacculus 
and vagina. 

(d) Accessory glands. A pair of long, tubular glands lying near sper¬ 
mathecae. They secrete a sticky fluid that cover the eggs to adhere 
them together and to the substratum. 

(c) Copula lory Vesicles. These are a pair of sac-like structure. 

(0 Ovipositor. It consist of the abdominal segments 6-9 with long 
intcrscgmcntal membrane between. It normally remains with drawn 
into the 5tb segment. 

COPULATION 
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The flics breed from June to October when they become very active. The 
greatest breeding activity occurs in the warmest months of August and Sep- Fig. 50.7 Mu,ca Fem.te reproductive orgm. 

lember. The pairing of the male and female lakes place on the ground when at ._. Irt tlir ornilx , 

rest, and lasts for a few minutes. The male alights on the back of the female. The female inserts its ovipositor into the gem 
atrium of the male to receive the spermatozoa. The eggs are laid 6-8 days after copulation. 

Oviposition. The rate a, which the houseflies breed is amazing. A single fly lays 100-150 eggs. While each fl>£ able <o 
laye such 5 or 6 deposits in one season. The female extends her ovipositor into the manure dung, decomos.ng fruits, vege 
etc. Whatever substance it selects and lays eggs. 

METAMORPHOSIS 

It is complete shows four stages of development as follows: 

Egfis. The eggs are small, nearly while and elongate with one end slightly broader than the other. Each egg is about I mm. 
in length and bears two dorsal, rib-like, curved and longitudinal thickenings. 


In warm weather the egg lakes 8 - 24 hours to hatch. 
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Larva.Thc larva.specially called the maggot. «p.f.ck ponator^. 

emerges from a slit along one side oftbe egg. while / s ^ 

growing up the larva cast off its skin twice, thus ^ \ I 1 I \ ) | S 

dividing the larval period into three instars(i) from 1 L I Jl • A A 1 I I J 

hatching to the first moult that takes 20-30 hours > - V ^ ^ 

(ii) between the first and second moult taking 24 JL/' \J J 

hours (iii) from second mould till pupation taking / >—Sook ^ p.d« 

about 3 days. The time between two moulis us 
called stadium. The larva is a soft, legless, worm- 

like creature. It is conical is shape, being narrow F.g. 50.8 L.rv«. 

in front and broad behind. The newly hatched . Tb^d can be withdrawn under the first segment 
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papillae, a pair of book-1 ike mandibles and a small labium. Ii is metapneusiic having only one 
pair of D-shapcd posterior abodominal spiracles with two slit-like apertures in each. The anus 
is located ventrally on the last segment. 

On the anterior border of each of the 6tb-12th trunk segments, there is a semilunar pad 
beset with minute, stufT spines. These spiniferous pads are locomotory organs and help the 
larva in moving backwards and forwards. The body of ibe larva is covered externally by 
cuticle. 

After first moult a second instar is formed. It is larger than first instar. Besides the posterior 
pair of spiracles which becomes larger, the 2 nd inslar acquire an anterior pair of spiracles also. 
Thus the larva is ampliipneusiic. After second moult, third inslar is formed. The third instar 
is a full grown larva measuring 12 mm in length. The third inslar grows in size and ready to 
pupate within 3 days. 


pocalor iplncle 



Fig. 50.9 


Afuiea Larval poalerk 
•ad ahowlag aplracte. 

Pupa. When fully matured the larva usually crawls away from its original moist place and travels to some dry and sheltered 
cervice. Here it rests for sometimes. The emergence of pupa is proceeded by a general contraction of body. Some of the anterior 
segments are even withdrawn within the body. Thus the larva changes into a pupa without moulting, the last larval skin hardens 
to form an outer covering of puparium which encloses the pupa. Such a pupa is ailed coarc late. It has no cbitinous covering of 
its own but only a soft pupal skin, the outer puparium has been formed by the last larval skin. The puparium is barrel-shaped and 
it becomes dark brown, externally it is segmented and shows traces of larval spiracles and spiny pads which become 
non-functional. The pupa takes in air by means of a pair of spine-like pupal spiracles projecting between the fifth and sixth 
segments of the puparium. The pupa is absolutely immobile, and the pupal stage last from 4 to 5 days. During this time internal 
changes take place, the larval organs arc broken 
down or histolysis occurs. The imaginal buds of the 
larva begin to form the organs of the adult, the 
histogenesis occurs in the pupa. Imaginal buds arc 
dormant cells, they are stimulated by a bormorc of 
prothoracic endocrine glands which become active 
only during metamorphosis and make the imaginal 
buds grow. By these proccs the adult fly or imago 
is formed in the pupa. 


Urva Of m»u<ot 




When the fly is ready inside the puparium it has 
a sac like structure on the front of the bad known 
as ptilinum. This process aid in the emergence of 
imago from puparium. After emergence, the 
ptilinum is withdrawn in the head. Its position is 
externally indiated by a crescentric slit ailed 
lunule situated above the base of antennae in the 

f0nn0f,U '' FI* 50.10 taUlkq. 

ECONOMIC IMPORTANCE 

pe housefly is a very harmful insect besides ausing a lot of annovance it arri^mi^ 

.5 .1 foods on .11 ooublos « woll ,s m.nuro, f.oc .1 motion .„d docompiing m.to T'" 1 hUm *" 

m its intestine and more that 100 million germs on its legs etc ^ ^ ° y C * mcs * boul 33 mi,lion gems 

1. Dissemination ofgerras.lt spreads various disases by arrvinpthrm rt ntk.K • 

are arried in droppings, vomit spots or via saliva. The disasa m^berculosis di ! l ^ SUrf8Ceofils bod > f ' ,e 8 se,c - 7116 gems 
anthrax, dysentery, ganonhoa etc ' dl,rTboe ». typhoid, chlora, leprosy, plague. 
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Larvae of housefly ingest eggs of a nematode. Habronema, and the infection is passed through pupae to adults which transmit 
it to the horses and to the eyes of children causing conjunctivitis. 

Sometimes the eggs are laid on open wounds, where they batch out as larvae when infected fruits or vegetables are taken, 
larvae hatch out in the gut. perforate the mucous lining and may cause haemorrhage. This attack by larvae on human is called 
myiasis. 

2. Contamination of food. The housefly contaminates our food material by transmitting the infective stages of Taenia, 
A scar is etc. 


CONTROL OF HOUSE FLIES 

The houseflies arc the dangerous enemies of human beings. Therefore, it is very essential that the growth and increase of 
houseflies and the infection by them must be stopped. It can be done in the following ways: 

1. Preventing their breeding. Elemination of the breeding media is the first and most important step in fly control. This can 

be done by:* 

(a) Physical method. All the filth, where eggs can be laid, should be kept covered and periodically removed every week. 
Open toilets should discouraged. 

(b) Chemical method. The manure or rubbish if accumulated for a longer time, it should be treated chemically with lime, 
copper-sulphate, crude oil etc. to prevent the breeding of flies. 

2. Destruction of adult flies 

(a) Mechanical methods. Hies can be collected by baits and then killed. Fly papers, and fly-swatters can also be used. 

(b) Chemical methods. Spraying of houses, bams etc. with DDT. benzene bexachloride etc. is useful. A few drops * ofr3% 
formaldehyde solution in a plate of milk attract and kills flies. Repellants like crcozotc oil and borax, keeps the mes 
away. A mixture of coal-tar and carbon disulphide can be applied to the wounds of animals. Fumigation by neem leaves 
is also useful. 

(3) Protection from infection by pies. All types of filth should be kept away or duly covered. The houses must be properly 
screened and food, fruits and vegetables must not be exposed in houses or markets. 
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MOSQUITOES 


Everyone is familiar with mosquitoes. These are common in tropics and found in marshes and damp places. They are a 
nuiscncc in places where they occur in large number because of their biting habits. There are 29 gnera and 2000 species of 
mosquitoes in world. The important genera, as for as human health is concerned, are Culex, Aedes, and Anopheles. 


SYSTEMATIC POSITION 


Phylum 

• Arthropods 

Cass 

• Insects 

Subclass 

Pterygota 

Division 

- Endopterygota 

Order 

- Diptera 


HABITS AND HABITAT 

Mosquitoes are found in damp and marshy places. They are abundant in tropics and sub-tropics. They are active in summer. 
Mosquitoes are nocturnal, as they come out in night for feeding. During day time they hide in hollows of trees, bushes, dark 
places of buddings etc. The female feed on the blood of man and other large animals where as male sucks the juices of flowers 
and fruits. They are oviparous and lay eggs in water. Most of the mosquitos die in winter and extreme hot months of May and 
June. Some survive hiding in protected places. The mosquitoes an fly for 2-3 hours continuously and cover 20-30 km 


MORPHOLOGY 


Shape, Size and Colouration. The mosquito 
has a slender, deliate and long legged body. It 
measures 3-4 mm in length. The body colour is 
greyish black and the wings of Anopheles any 
dark spots, Aedes has no spots on wings but the 
body has a black and white stripes. 

Division of body. Like other insects, the body 
is divisible into three parts. 

1. Had 

2. Thorax 



3. Abdomen. 


Flf.SI.1 CuJa. Fern lie 


L £ t 2f ' The hc4d is * ,obu,ar and highly mobile on a slender ne<±. It h<*a « . «.i, ~ 

pjrts. (i) The compound eyes are large and kidney shaped. They occuov a of com {* und *>«*. ■ntennae and mouth 

Tbt top of the bad has an epicranium below which Tdypeus MThe Vrr* ThC ° cd,i 

segment is the scape which is concealed by a very lame ITobulL ^ MCt Wilh 15 * om *- btMl 

which is auditory in function, the other 13 joints form tflafeUum 
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much more numerous on the antennae of males /Tl miavu Ub 

giving them a bushy appearance. The antennae of raMi|Ja (jOfej / W’-ryn* 

female are with only a few. short bristles, (iii) n ** ^ •wj' / foode «nal_ J 

Mouihparts. The mouth parts arc of piercing and 'iN&lr P ,lote ****** 

sucking type, contained in a proboscis. These are: \ 

(a) A pair of mandibles JZV Jwllvt '7t- / J \ 

(b) A pair of maxillae Mil I \ hypoph J 

(c) Labium IIB R \ V «"•' 7 

(d) Labrum and cpiparynx x*m**/J \ $ \ Ubv*''* -^ 

(«) Hypopbirynx III j \ \^ 

(a) Mandibles. The paired mandibles arc II • A hypophxryiu 

long, thin and needle-like styles with (/ Ub " By ^ 

fine blade-like distal edges. These act as * 

piercing organs and puncture the host 

skin. The mandibles are. therefore. Fl * 51 2 Mo.ik p.ru or Mosquito. A-Fro«ui view. &-T.S. 0 ( 

umf 

found only in females and are absent in 
males. 

(b) Maxillae. These arc also elongated needles very much like the mandible but ending into saw-like blades. These bear a 

pair of 5 segmented maxillary palps. _ 

(c) Labiam. This is formed by the fusion of 2nd pair of maxillae tjlk iM/f" 

and is in the form of a median ventral, elongated and fleshy 'Ow 

proboscis sheath. It is like an open gutter of half tube with 
a groove on its dorsal surface. The tube lodges the mouth- 

parts and is roofed over by labruin and epipharynx. The free - J 1 ' — 

distal end of the proboscis ends in a pair of white pointed JJ* •* ? jjty iSl ft 

lobes known as labellae. The labellae arc tactile organs A ft p jV"—»«bn*m t 

clothed with numerous sensory hair. A jj m jgff ifltlliu 

(d) Labrum and epipharynx. The labrum ahd epipharynx are Jk Ijipj gate**-ft 

fused together forming a stiff structure with pointed lip. It M j j _ _iL HI [ \ \tf 

lies dorsally above the groove of labium and roofing iL It III} | I V * * 4 1*11 IffH1 19 

bears vcntrally a groove. The groove and hypopharynx j ^ ; j 4J 
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(e) Hypopharynx. It is a long, pointed and flatcnned plate like 
double sword structure. A salivary duct opens at its lip. 


cutei female 


labella 

anophelej female 


2. Thorax. The thorax is as usual made up of three segments. Fig 51.3 Head aadmoaih paru of female Culejsn4A*oph*cs 
The protborax and metathorax are small whereas the mesothorax ts scutc llum Each segment bears a pair of legs, 

very large and its tergum consists of three sclcrites: scutum, scutellum and “ 

The legs are long, slender and delicate. They have short coxae, long tars, and s.mple cLws. ^ # Qf 

One pair of wings arc present on dorsolaterasl ££ aTd^robably S ?nsory in function. These are 

halters or balancers. These represent rudimentary bmd-wmgs. useless tor mgm v 

supposed to produce characteristic sound. 9scR mentsare 

J. Abdomen. The abdomen is slender and made up of 10segmc»>1* g^^nl and a genua!pore on the 9th 
visible. In male last 3 segments are modified by genitalia. It bears an on 
segment. 
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LIFE HISTORY 

The life history in mosquitoes copriscs four stages: 

1-Egg 

2. Larva 

3. Pupa 

4. Adult 


The female always takesa blood meal before egg-laying to have 
extra nourishment essential for this purpose. 


1. Eggs. After mating the female lays eggs on Still water, the 
eggs may be laid on ponds, or pools, or rain-filled containers. Hie 
eggs are cigar-shaped, tapering at one end. The eggs laid at night 
and one Culex female may lay 300 eggs. The eggs are laid by side 
standing erect, and glued together by the legs to form bost-shaped 
rafts which float on water. Female Anopheles lays 40-100 eggs at 
one time. They float singly do not form a raft The eggs are pointed 
at both the ends and have a pair of lateral air floats. In Culex the 
eggs have no air float The egg in the raft are vertical and, their 
heavier ends downwards. In Aedes the eggs are laid singly in moist 
soil. They hatch when flooded. In Culex the eggs lasts 2-3 days 
where as in Anopheles the eggs lasts for 24-48 hours. 

2. Larva- In Culex the larva hatches out from the egg within 
2-3 days. The larva is small, transparent and wriggling creature. The 
body is distinct into three regions, the bead, thorax and abdomen 
The head is large and rounded structure bearing a pair of compound 
eyes, a pair of simple eyes or ocelli and complicated mouth parts 
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The mouth parts include labrum. toothed mandibles. Oatenned maxillae, 
labial plates and two dense mouth brushed. The larva, thus, subsists on solid 
food. The thorax is unsegmented but bears three lateral pairs of unjointed 
tubercles, each bearing a tufl of bristles. The abdomen comprises nine 
segments, each bearing a tuft of bristles. The 8lb segment bears a long, 
tubular, cbitinous respiratory siphon. The siphon bears a comb of very small 
scales at the base 2 large hair tufl and two rows of flatenned spines called 
pecten. At the tip of the siphon there are two spiracles leading into the 
tracheae. Around the spiracles are five leaf-like lobes which can close over 
the spiracles to prevent water from entering. The respiratory system is 
metapneustic in which only the last pair of abdominal spiracle is open. At the 
end of the 9tb segment is an anus surrounded by four leaf-like tracheal gills. 

The tracheal gills bear tracheae instead of blood vessels. The 9th segment 
bears a tuft of dorsal bristles at its tip and ventrally a bushy tuft of bristle 
called ventral brush. 

The larva a Anopheles is without a respiratory siphon instead the 8tb 
segment bears a raised cbitinous quadrilateral plate with two spiracles. The 
spiracles arc surrounded by five small leaf like flaps. Near the spiracles, there 
arc small bristles which form a pair of pecten. Comb is absent. The latva has 
palmate bristles or hairs forming a pair of tufts on each thoracic and most of 
the abdominal segments. A palmate bristle consists of a short stalk from 
which a number of slender and flat leaflets iradiate. In Anopheles the larva 
can breathe and feed lying parallel with the surface of water surface as in 
Culex it floats in water obliquely with head lowermost. 

During this period the larva moults for four times. A full grown larva is 
about 12 mm long. 

3. Pupa. After the last moult, the larva becomes pupa. This is the resting 
stage. The pupa has a large rounded anterior part consisting of the head, 
thorax and a slender, bent posterior abdomen. Thus it is comma-shaped. It 
floats in water with the cepbalotborax uppermost and the abdomen curved 
beneath it. On the mid-dorsal side of the cepbalotborax is a pair of tubular 
respiratory trumpets which arc broader at the distal end. They communicate 
with an anterior pair of thoracic spiracles. It swims actively with a pair of 
large, cbitinous and leaf-like paddles or fins. The pupa is unable to feed. It 
flutters up and down in water when disturbed, hence, it is called a tumbler. 

In the pupa of Anopheles the respiratory trumpets are short and broad 
and the abdomen is more strongly curved than that of pupa of Culex. 

The pupal period last for I to 3 days. On ibis period the pupa is 
transformed into a complete adult. Most of the larval organs m the pupa arc 
broken down. The process of breaking down and disintegration of l.tv. 
organs is called histolysis. The adult organs are formed. For the fonnat-on ° 
adult organs groups of formative ells are formed. For to format™><M 
organs groups of formative cells are set astde in Ihc larva. 

his,oblasts or imagiaal buds. This process is caHcd /nsrogencrcs _Tl-o g ,„ d , cg5 „e visible. 

transparent skin of the pupa, the adult organs, such as compound eyes, anten mcUm orpbosi>. 

4. Imago. The pupal stage lasts fo, a short duntion.usuallyof rtvo Xg the back between the -wo 
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F»8 51.8 Life kiMo^ .Ufa**** 


Tbe complete life cyde, from egg lo adult, takes from lea to wmi <iau* t». r . , 
male for about a week. «* ww «• to seven] days. The female lives 


for 


one month or more and the 
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Table showing differences between the life history of Culex, Anopheles and Aedes. 
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voraitting of blood and bile occur. 

(Hi) Filariasis. Filariasis is caused by a helminth parasite, Wuchereria bancrofti Its vector is Culex fatigans. The disease begins 
with a slow inflammatory swelling of limbs, scrotum or mammae. Filariasis may eventually cause Elephantiasis, if left 
unattended. 

(iv) Dengue. Also called back bone fever is caused by a virus and is carried by Culex fatigans and Aedes aegyti. The symptoms 
are sudden high fever with rash on the lace and severe headache, pain in muscles and joints etc 

(v) Encephalitis. Encephalitis is caused by a virus and is spread by various species of Culex and Aedes. The symptoms are 
headache, high fever, drowziness and inflammation of brain. 

( yi)Leprosy . According to the scientists of JIPMER, leprosy can be spread by mosquitoes. 

(y/ii) Dermatobia. Dermatobia is a disease of the skin of man and cattles of central and south America. Psorophora, a mosquito, 
carries the eggs of a bot-fly, Dermatobia (as it lays egg on the body of mosquito). When the mosquito bites, the eggs of 
botfly quickly on the human skin and the larvae penetrate the skin causing swelling and cutaneous myasis. 

Control of Mosquitoes 


Poliowing general methods may be used for the control of mosquitoes: 

1. Eleminalion of breeding places. The larvae and pupie develop in (he water, therefore, deminalion of breeding pieces In 

?"* ^ ***** «•«•«« be ruled up with mud. Slegnen. water. swempy ere.., member must be dreined of. Wete, 
should not be ellowed to be stored in open cans, bends, buckets etc. Bushes, shrubs etc. should be dee red. 

2. Destruction of larvae and pupae. It is essier to kill the equ.be letvee end pupee then the edults. It can be done by spreading 
over wete, surface with crude oU, kcrosine oil. etc. Oa emulsions of DDT, BHC etc. ere elective lervicides. Biological methods 
can also be employed such as lervtcidel fishes like Gambusta, Guppy, trouts, stxklebocks etc. can be introduced in the weter 
reservoir. Aquatic insectivorous plants, such as bladderwort ( Utricularia ) can also devour the larvae and pupae of mosquitoes. 

cresd suTorrrri'-T^r spraying etc Fumigation with tarcampbor. 

denvauves of ocptba bunt to produce poisonous smoke which kill the adults. Spreying with DDT 
gammexane, melathione etc. remain effective. * * 


4. Sterldation Steriization of mosquitoes in Japan has been successfully done. 

. r™™'IP'°‘«"on. It can be done by. (i) The exposed pans of the body may be prelected by the use. 

boots etc (II) repdlents like odoraos. mustard oil etc (Hi) Mosquito nets should be usld especi 

The house should be bum on a high grounds with proper drainage iu oe useo, especi 


of gloves, soxes, 
especially at night (iv) 
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APIS (HONEY BEE) 

Apis is a social insect living in colonies, build by themselves. A colony may have more than 50,000 individuals. They are 
semi- tropical insects that have adapted themselves in temperate climates, where they survive cold weather by forming themselves 
into winter balls within the hive. 

There are five well recognized types of bees 
found in the world. 

(i ) Apis dorseia (Rock bee) 

(ii) Apis florea (Little bee) 

(iii) i4/7u indica (India bee) 

(iv) Apis adamsoni (African bee) 

(v) Apis mellifica (European bee) 

Out of these, three are common in India. They 
are A. dorseia, A. florea and A. indica. A. dorseia is 
the largest variety with average size of about 20 mm. 

It builds large comb on tree branches, high buildings 
etc. These are migratory species as during June and 
July they swarm to the hills, but in winter they come 
back. The workers build a fresh comb every time. A Fig. 511 Woitmof btc* ipecic* o(ho»ey b<t. 

single comb may yield 60 pound of honey per year. 

porea is . minaturc of the rock bee. I. is . plain species and builds small comb on Use bee branches, in bushes elc. Urey 
yield hardly a few ounce of honey per comb per year. 

4. indica is of commoncsl occuranee on Use plain and foresls. It builds several parallel combs in protecred place ld(e hollow 
of trees, caves, in rocks etc. The average output of honey is 6-7 pounds per colony per year. 

SYSTEMATIC POSITION 

Phylum 
Class 
Subclass 
Division 
Order 
Genus 


Arthropods 

Insects 

Pterygota 

Endopterygota 

Hymenoptera 

Apis 




Castes of honey bee 


The nest of honey bee is known as bee hive. A hive 


ive in summer consist of 32 - 50 rhousand or more individuals. A colony 
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may be weak or strong according to the number 
of worker bees. In a colony there are three types 
of individuals namely the queen, workers and 
drone. Due to the existence of several mor¬ 
phological forms, bees are said to be polymorbpic 
species. 


Structure of worker bee 

The worker is the smallest member of the 
colony. Its body is densely covered with hairs. 
The colour is usually brown or black bearing 
several peculiar structures which helps in the 
collection of pollen and nectar from the flowers. 

The body is divisible into: 

1. Head. 

2. Thorax. 

3. Abdomen. 



rr-xi-^pwu 


P eacn l pollen 
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pollen comb 
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Fig. 52.3 Apis. Hud. 
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/. Head. The bead is flatenned triangular widest cross-wise through (he ocdlj 

upper corners, which are capped by the large compound eyes. The compound 

eyes are present on dorso-lateral sides of the head. Each eye has several c "“P 0w * eye 

ommatidia (4900 in queen, 6300 in worker and 13000 in drones). Three ocelli ( V. 
are present in the middle of the face. The autennae are many - jointed and [ 
inserted in the middle of the head. Tbey have many olfactory pits that provide V 

a keen sense of small. 

Mouth parts. The mouth parts attached to the lower pari of the head and 0 

are of chewing and lapping type. These are modifled for collecting the nectar * 

and the pollen. Mouth parts consist of labrum, epipharynx. mandibles clvB «, /WTIT H****** 
maxillae and labium. Labrum lies below the clypeus, below the labrum is / 

fleshy epipharynx which is an organ of taste. At the sides of labrum are the / iiii 

■wo heavy mandibles which woric sidewise. Id the workers (bey ire spoon. fMVL- ubUI.* 

shaped as they lie, but Ihey are sharp, pointed and toothed in the quecxrand WfllW 

drone. The function of mandibles are to mould wax and manipulating the J \ H 

pollen. In the maxilla, lacina is absent whfle maxillary palps are vestigial and muiU ' g /l U ? 

the glaea is elongated and blade like. In the labhun. the paraglassae are very ' * \l 1 \ 1 

much reduced and glossae are very much elongated. They are united, hairy B|#1I# ^\\ \ 

and form a honey-spoon or labellum at the termination. ll,e labial palps are A 1-^- Ubd lun 

well developed and they help to make the ligula up. Tire whole apiranis Z 

protected the galeae of maxillae. When the bee socks up nector the^rmimi Fl * 513 ^ H “ d 

lobes of labium and maxillae are pressed close together as to make _ 

action of the pharynx. At the tip of the tongue these occurs labclla and there kT ^ 5°* “ **“ Uken “ b y • 
ventral side, within the tongue this groove extends into a double band mh, a n g ^ ,Ve v ru . nn,fl « ** entire length on ti 
this channel which is itself provided with a still finer groove along ^ ,ies a,on 8 the back wal11 

2. Thorax. Tbe .bon, b tag. snd stmog. It beus two pairs of wi*s of ^ 

.nd ndu^MMUon. The 3"! ,° *} |"7** *•* •' '“>-„They tave . mud. tnodifi. 
during flight Wings may vibrate over 400 times per second during Qia^A by i° oks bdd “ * 8™°^ so as to work togelh. 

^ ,gfiL Aworkcr “ of long flight, even 12 km. 


Ubdlun 
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Apis (Honey bee) 


There are three pairs of legs, which are densely covered with hairs. The 
forelegs are called prothoracic, mid-legs as mesolhoracic and hind legs are 
metatboracic. Each leg consists of five parts, coxa, lorcbantcr, femur, tibia and 
tarsus. The tarsus is five jointed and terminating into the claws and pulvillus. 

(i) Prothoracic legs. Tibia of the fore legs possesses distally at its anterior 
face a number of stiff bristles which forms pollen brush. From its 
posterior face there is also found a movable plate-like process or velum, 
which fits over a circular notch in the upper part of the first tarsal 
segment The velum and antenna-comb together serve as antenna 
cleaners. On the anterior surface of the first tarsal segment there are 
also some bristles which are termed as eye-brushes and serve to remove 
particles and pollen from the outer surface of the compound eyes. 

(ii) Mesolhoracic leg. The midleg has all the segments as seen in the 
foreleg. The tibia bears a brush on its inner surface and a spine-like 
pollen-spur on its distal end. The spurs of both the midlegs are used to 
remove pollen from the pollen baskets of hindlegs and to dislogc wax 
from wax pockets on the ventral surface of the abdomen. 

(iii) Maiaihoracic legs. Each metaihoracic leg has a large tibia with a cavity 
with bristles forming a pollen basket or corbicula used for storing 
pollen during collection, at the distal end the tibia has a row of stifT 
brisUes called pecien below which is a fiat plate, the auricle. The 
pcclen and auricle form a pollen packer to convey pack pollen into 
the pollen basket 

3. Abdomen. The abdomen is oval and less hairy than the rest of the 
body. It bears six distinct segments. It possesses wax glands and stutg. 



K lon*c(tiguta) 

UbeU-*"®' 

booey»P°°" 


Fig. 52.4 Apa-Mo.tkp.rn 
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(i) Wax glands. The glandular area secreting wax lies on the ventral 
surface of the last four visible segments of the abdomen. The wax 
is secreted through minute pores in the form of fiat scales. The wax 
is masticated by the mandibles before it is used for budding the cells 
of the honeycomb. 

(ii) Sling or terebra. In the worker bee. ovipositor changes so as to take 
the function of sting, which for injecting poison. The actual sting or 
terbera consists of a central poison-canal enclosed by a stylet sheath 

and two ventral stylets or lancelcts. Stylets are grooved on dorsals 5 Apia . At ^ 

side and form two ventral guide sails. The distal f " e ,c ^‘ n ' ,,on °/. expinsion . which is called a bulb, while sling 

style.and sheath .re covered by spines o,baibs. A.thebasejbere * *" 

is continued into . pair of la.er.l b.s.1 arms. The string dcd ou, sternum. To each is attached 

(a) The inner most pair is Utat oblong plate posterior in position £ reduC cd stenmt of 8th segment and 

.be basal arm of the style sheath of its side, (b) Two triangular o. ( * |ks d0I sa„y to rite triangular plates and at 
to each is attached the corresponding arm of Ihe stylet, (c) The tg_ 9 q( P , a 1S ^ sternum of 9th segmen andI als 

the posterior angle. It represents the sternum of 9th segmem these Omep. P j U acidic secretion Into a Urge 

function as level Two glands are also assorted £ *£» 2S„e gland, which opens separately into die sung 
poison-sac, which discharges its contents into the bulb, mere is 
bulb. 

Structure of Queen sbort legs, small wings, short 

The queen is 15-20mm long. ^^^^^'eggUyfcJg/Tle teprodu**hneoigMrit»*"*^* ve * 0 P e ^‘ w,x,n ^ **** 
mouth parts and an ovipositor which selves for egg laying 
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pollen collecting apparatus are absent The life-span of a queen is 
2-5 years and during this span is lays 1.5 million eggs. 

Structure of Drone 

A drone is 15-17 mm long and stouter than worker. It has 
boloptic eyes which touch each other dorsally. The wings are 
powerful and the abdomen is truncate. It lacks wax glands, pollen 
collecting apparatus and the sting. The 9th sternum has two 
claspers and a membranous aedegus. The drones are developed 
parthenogenetically, in a large special cell of the hive. Their 
number is less in the hive sometimes only one drone in a hive. 

DIGESTIVE SYSTEM ^ 

The digestive system includes alimentary canal and digestive ^ 
glands. 

The alimentary canal comprises a mouth which opens into the 
pharynx. Pharynx is a muscular widened tube that opens into long n 
slender oesophagus. The oesophagus running clear through the 
thorax and open into an enlarged, thin walled sac, the crop or 
honey sac. The honey sac lies in the abdomen and it narrows 
posteriorly and opens into the stomach. The honey sac is of special 
interest in worker. The nectar collected from the flowers is held in 
it. From the sac the necter is regurgitated into the cells of the comb 
or given up first to another bee. The upper end of the stomach 
sticks up into the lower end of the honey sac as a small cone with 

an 'x* shaped valve in the summit. This opening is called stomach Fl * 526 V* »•«*•••* 
mouth and is guarded by four lips that take whenever food the stomach requires from the 
honey sac Stomach leads into small intestine having a circlet of 10(M25 slender Malpighian 
tubules. Intestine opens into terminal part of alimentary canal, the rectum which opens out 
through anus. 

The salivary glands are located on the back of the head in the front part of the thorax 
and open upon the upper part of the labium. 

CIRCULATORY SYSTEM 

of 1 3 dumb^burt ^ ^ b dumbcn lmu.d 

# 

RESPIRATORY SYSTEM 



prev«*riaiku 


iiyMCBAo 


---r--uav 

are 10 pairs of spiracles present in tl 
enlarged in abdomen to form air sacs. 


' kkral tracheal trunks are 


NERVOUS SYSTEM 



It is made up ofbrain, circum oesophageal connective with rfnnki* ^ W". 

Last two are fused. 5 - abdominal ganglia are also fused in a MvecordoTTieieaie three thoracicgangiia. 
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Fig. 519 Apis. Female rtprodtciive tyittn. 

The Sexes are separate. The male reproductive organs comprise a pair of testes. Each testis is enclosed in a double mebrane 
and consists of 250-300 seminiferous tubules. From each testis arises a vas deferens. The vasa deferenlia enlarge to form seminal 
vesicles which are usually cylindrical or sac-like in appearance. The two ejaculatory ducts leaving the vesicles are rudimentary 
and the accessory glands open into the common ejaculatory duct 

The female reproductive organs include a pair of ovaries. Each ovary bears numerous ovarioles. From each ovary arises an 
oviduct. The two oviducts unite to form the vagina which dilates posteriorly to form bursa copulaUix. A median spermathcca is 
present together with a pair of collateral glands which open into the spermatheca. 


LIFE HISTORY 


The life-history of honey bee can be studied under following heads: 


Swarming. Over crowding in the hive leads to swarming. 
A large number of bees come out of the hive during the spring 
or early summer. 


On the fine forenoon, the old queen leaves the hive to 
establish a new one. accompanied by a large number of old 
workers and drones. Left behind in the hive are the young 
workers and several new queens still in their cells but approach¬ 
ing the time of emergence. Only one queen survives by stinging 
to death the other newly-batched queens. 


Supersedure. In supersedure the old queen with reduced 
egg laying capacity is replaced by a new. young and vigorous 
queen. The old and new queen may continue to live together or 
the old one may be dragged. Under unfavourable conditions or 
due to certain enemies the entire colony of bees migrates to a 
suitable place. The migration of the entire colony is known as 
absconding. 


Nuptial Flight About a week after emergence, the new 
queen takes her first aerial flight followed by a swarm of drones. 
The queen flies very high and the drones gradually drop out of 
the race. The last drone left in the race, mates with her. Mating 
occurs in mid-air. during which the queen receives sper- 
matopborcs from the drone. The sperms are stored in sper¬ 
mathcca or sperm-reservoir of the queen to fertilize her eggs « 
long as she lives. The prime swarm is led by the old queen wbil 



Fig. 5110 Apis. Life cycle. 
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the second swarm is accompanied by the newly-emerged virgin queen. 

The queen after mating returns to the hive and does not leave it till become old. It was thought that a queen mated only once 
in its life. But it has now been known that out of experimented 110 queens, about 55 mated twice. This experiment waa carried 
out very successfully in U.S.A. 

Alter the swarming period the remaining drones are pushed out of the hive by the workers, if they survive. 

Eggs and Egg-laying. Egg laying starts 3 days alter copulation. The eggs are of two typcs-ferlilized eggs developing into 
queens and workers and haploid eggs developing into drones, and are laid into separate chambers or cells. The fertilized eggs 
are laid into workers or queen cells, while the unfertilized into drone cells. In a season of abundant nectar, the queen lays upto 
1000 eggs per day. The eggs are elongated and pinkish and are attached to the bottom of cells. 

Larvae. After three days a tiny larva or grub is formed from each egg. There are no eyes and legs in the larva. For the first 
day all larval are fed on ‘royal jelly' which is secreted by pharyngeal glands of young workers. Afterwards, larvae of the drones 
and workers are fed on honey and pollen, but the larvae of queen are continuously fed on ‘royal jelly’. In this way the food-supply 
causes them to develop differently. After several moults the larva grows, then its cells scaled with a wax-cap. 

Pup*. The larva changes into a pupa in the scaled chamber. 

The wax-lid is porous and allows exchange of air for respiration. The pupa secretes a thin silken cocoon around itself and 
undergoes metamorphosis. It involves a change of legless, wingless and eyeless worm-like creature into a winged insect with 
legs and eyes. After the pupal period is over, the lid closing the cell is cut off by the young bee with jaws to become free. 


The time of development for each caste is different which can be shown as: 
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The queen produced from her■ nundibul.r gl.nd . specul secretion called queen subtuna. It is picked up directly by . few 

rf m" !T iTt * qU " n - TlcK wori ‘ tn « to the other. The "queen subsUnce" dibits the workers 
from building brood cells for new queens. 


^rfo^r^ in “ Uecson orn “ ur ,nd po,ie “- ■—* * 


o, hunger' ,ppr0,cl1 °f wi,, t“. ■*>' drones nre driven out of hive by the workers. Hey nre either stung by workers or die of cold 


communication 


and communication among bees has led Carl Van Frisch to be honoured %viih N^We^ e ^“^ U, ' M SCDS * of understanding 

All the bees of a hive do not go out for the search of food TVrr .** ~,*.- 
who perform this duty and on their communication other he« generally called foregers or scout bees 

other bees move to the feeding place. These foragers collet the nector and 
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return back to the hive and communicate the source by 
performing the dance. The dance is performed in two man¬ 
ners. round dance and tail wagging dance. If the food source 
is less than 100 metres from the hive, it performs a circular 
dance. If the source is more than 100 metres, the dance 
performed is making a figure of 8. 

The round dance convey the information about the 
source of food only where as the tail wagging dance indi¬ 
cates the source, distance, direction and the quantity of food. 
Between each semicircle, the bee moves along the vertical 
plane wagging its abdomen side to side. The frequency of 
wagging decreases with the increase of dance. The move¬ 
ment of sun has a definil relation with the direction of dance. 

When forager performs its dance the other workers join 
the dance for a while and than leave the hive in the direction 
of food. A. Wenner (1964) claimed that foragers communi¬ 
cated to the other workers of their hive not only by their dance 
but also by producing peculiar sound which results due to the 
vibration of their wings. The intensity of sound is proportion¬ 
al to the distance of food from hive and also to the quantity 
of the food. 

Structure Of A Hive 

The highest degree of nest construction among insects is 
found in bees. The hive is generally built banging from a 
building, rock or branch of tree. It consists of a thick vertical 
sheet bearing two layers of hexagonal chambers known as 
cells. The cells arc of following types: 






\ 




Fig. S2.ll Twodiffertat typesofdjnccs. A— Jiounddemce,B—Tail 

wagging dance 



Fig, 52.12 Dirwttomal chiagcs la bee danct to devote the feediag 
place wiifc rclilioa to (kc position of taa. 


polle* ♦ hooey 


(i) Storage cells. These cells contain honey and pollen. 

These arc generally built on the margin and at the top of the comb. wedn* «dU 

(ii ) Brood cells. The brood cells contain young stages and are built in the centre and the 
lower part of the comb. The brood cells are further divided into three types: 

(a) Workers cells. These are of the size of the storage cells and are used for rearing 
workers. They lie horizontally in the hive. 

(b) Drone cells. These arc about 6 mm. wide and are used for bringing up the drones. 

They are also horizontal in position. 

(c) Queen cells. They are stUI larger and are used to rear the queens. They may be 
cylindrical or vase-like in form, and are vertical in position. 

There are no special cells for adults, as they keep generally moving about on thesurface 
of the comb or clustering cells which are situated on the upper pari of the oomb. 

The wax used in building of a comb is secreted from the “m.'sricated and mixed with secretions of 

abdomen of workeis. This wax has a melirng pomtof 140*F. propolis, prepared from pollen, is used 

cephalic glands to convert into a plastic substance. The htve is perished wtth substance., epo 

for making the comb water proof. 



drone 

cell! 


Fig. 52.13 Beehive. 


ECONOMIC IMPORTANCE 
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Honey bees are most valuable domesticated animal of man and have been associated with human race from time of Vedas 
and Ramayana. They provide us honey and wax and more over they help in pollination. 

Honey. The honey is used by man as the source of natural sweets for preparing cakes, breads etc. It has great food value as 
one pound of honey is equal to 4.5 pounds of grapes or 5 pounds of apples or 3.5 pounds of potato. It is also a very powerful 
tonic and can be easily compared to 365 UG - thiamin (Vitamin Bl). 268 UG Riboflavin (G), 18 MG Ascorbic acid (C), 254 
UG Pantothenic add (B3) or 0.60 MG Nicionic add (B3). 

The chemical composition of one pound of honey is: 6 1/2 az. Levulose (fruit-sugar), 5 1/2 oz. Dextrose (Glucose), 9 gm. 
Sucrose, 3 oz Moisture, 7 gm. Detrines and gums. 1 gm. of Fe, Ca. Na etc. and about 4% of undetermined sustance. The colour 
of the honey and chemical composition and flavour usually depend on the flowers visited by worker-bees. 

Bee Wax. The wax is removed from the bee hives and is used in making polishes, candles, coiboo papers, electrical and 
other products. 

Pollination. Perhaps the greatest service of honey bee is the pollination of flowers of fruit plants and seed crops. 

Bee venom. It is secreted by poi-.n-glands of stings. It is transparent and. contains formic acid, histamine, tryptophane, 
sulphur, many proteins, volatile oils, enzyme etc Clinically it is used in the treatment of rheumatism, keratoconjunctivitis, iritis, 
iridocylitis and in the control of blood pressure 
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CIMEX (BEDBUG) 


The bedbugs are domesticated insects and arc intimately associated with man throughout the ages. They are sanguivorous 
as they suck the blood of man. Bed bug includes 30-40 species of wingless brownish blood sucking insects, mostly parasitic on 
birds and bats. Three species attack man these are Cimex leciularius, C. hemipierus and C. boueii Out of these first and second 
are more common. The third one is found in Africa, Southern Asia and West Indies. 


SYSTEMATIC POSITION 


Phylum 

- Arthropod! 

Class 

- Insecta 

Subclass 

• Pterygota 

Division 

Exoptcrygota 

Order 

- Hcmiplcra 

Genus 

• Cimex 


HABITS AND HABITAT 

They arc cosmopolitan in distribution. They inhabit dark, damp human dwellings like bouses, hotels, rest-houses, barracks, 
etc. They live in cracks in the walls and floor, in crevices in the beds and furniture, under mattresses, carpels and wall paper, and 
in similar places. 

The bedbug is a temporary ectoparasite of man feeding on the blood. They are nocturnal, but may come out during the day. 
A well fed bug can do without food for several months or even a year. The starving bug may reports to cannibalism. They are 
oviparous and undergo gradual metamorphosis. This bad smelling pest lives for 5-6 months. 

MORPHOLOGY 

Shape, Size and Colour. The body is oval, dorsoventrally flatenned, measuring about 5 mm in length and 3 mm in width. 
The colour of the body is brown becoming deep purple or red after it has fed. 

Division of body. Like other insects, the body is divisible into three parts: 

1. Head 

2. Thorax 


3. Abdomen 

1. Head. The bead is short, broad and fils into a no.ch of lh« prodrorax. I, bears a pair of compound eyes, 4 joinled an.enn.e, 
and mouth parts. The simple eyes or ocelli arc absent 

The mouthparts arc of the piercing and sucking type and form * hollow The saw 

formed by the labium, which bears a m.ddorsal groove for enclosing the fo *r y f of blood ^ downwa( d 

like mandibular styles are used for making puncture in the arc absent, 

flow of saliva. This is facilitated by two channels of the maxillae. The maxillary P* P 5 
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opening of bede**’* •*•** 
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CW* A—Ad all nta. D—GcalulU o ( mile of mile, 
C— Pcoierioeend of Female. - 


At rest, the rostrum is bend beneath the thorax but he«d 

while feeding, it is pointed downwards or forward. The t a / tf '" 1 / /> \ 

mandibular sylets make a puncture in the skin and the ^ • 

saliva runs down the puncture and prevents the dotting of \ N _ 

blood. foreleg prolho,U ^X~3> 

2. Thorax. The thorax is made up of three segments leg sT ai 

prothorax, mesolhorax and metatborax. Prothorax is very memKorai £ 

large. Its pronotum is notched anteriorly to receive the (f t 3 V vi opening of 

head. Mesolhorax is very small. Metathorax is covered by fr C * t v*. L.-- 

a pair of vestigial fore-wings or hemelyira that Arise from II \ _ * _ 7 Y\ V"'" 

the mesolhorax. There are no hind-wings. Each thoracic II ®- / D 

segments bears ventrally a pair of short, stout legs. The legs ]( ^—■/ \ 

have 3-jointed tarsi and strong claws. Stink glands open on fch uemumV^ 

the ventral side of the metathorax. ^men ' 9iMe»v«" w, ' 

3. Abdomen. The abdomen is flat and made up of 7 

segments. In the male, it is relat. ely narrow and pointed F ‘* 511 cumtx. a—A dah mia, D—Gcaiuiu of m 

and ends in a curved hook-like dasper, which serves as a C—foa>ehoc tad of F—ute. 

sheath for the aedagus or penis. In the female the abdomen is broad and rounded and gil I |T 

has a prominent notch in the 4th sternum a little to the right of the middle line. The Jf 1 [ If * 

notch is the opening of a peculiar copulatory pouch, the organ of Berlese or sper- S: jl If■ J 

matophagous organ the cells of which are thought to ingest and destroy the excess 

sperms. Af 

LIFE HISTORY | W 

Oviposltioo. After copulation the female lays eggs in holes, cracks, cervices etc ^ ll U \ 

A female depositing 200 to 500 eggs in batch; the egg is 1 mm long, ydlowisb-white mindWe-// I \\ 
in colour, it is barrel-shaped with a raised lid at one end containing a micropyle; eggs // B \\ 

are laid throughout the year in warm countries. mw.tu —p I II 

Nyraph. In about 6 to 10 days duration the young bug or nymph batches out of Fig. 53.2 Climu. M 
the egg by pushing off the lid. The nymph is about the size of a pin bead and is 
semitransparent. In its general appearance, the nymph resembles the adult except that it is smaller and paler. 

Few hours after batching, the nymph becomes capable of piercing the host he- 

skin and sucking blood. It serches for man and feeds to its capadty in 3-4 operculum 
minutes. It consumes blood three to four times of its own weight Ifman is not /£/?? \F) 

avaUable.it feeds on the blood ofolder bugs. After feeding h becomes rounded rV ; 

and bright red in colour. Now it settles down and in one to four weeks it moults * -/i 

into the 2 nd stage nymph. The duration of 1 st stage nymph depends upon J 

temperature and other factors. The nymph undergoes Gve moults before Vvr^ 

changing into the adult On the whole they lake about 29 days to complete their *** 

like history. Therefore, the development of bed-bugs is direct, i.e. without ^ 

metamorphosis. 
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ECONOMIC IMPORTANCE 

The bedbug is a serious household pest They feed on mammalian 
the introduction of saliva into the human blood during feeding on it ‘ nt,8minaUon •nd irritation. This is due to 

" ^ bUS “ “ * “« ° f '** - b, reUpsing f „„ 
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(spirochaetosis), typhoid etc They however, do not cause the outbreak of these diseases in an epidemic form. 

CONTROL 

The best method, to control them, is the spray of DDT (5% in kerosene). This can be sprayed on all the walls and furniture 
where the bugs rcsL Fumigation with sulphur, sprinkling boiling water, spraying of emulsion of kerosene, benzene and petrol 
and useful in reducing infestation bedbugs. 

ENEMIS OF BEDBUGS 

Bedbugs have many natural enemies. They are eaten by large bugs like Reduvius. a Mediterranean spider called Thanuas. 
small red house-ant (Monomoriumpharanis ) and pseudoscorpion Chelifer. Man also destroys them a large number. 


TERMITES 


Termites commonly called white-ants arc social and polymorphic insects living in colonics. They have a well set caste 
system. 


SYSTEMATIC POSITION 


Phylum 

- Arthropods 

Gass 

- Insects 

Subclass 

- Pierygota 

Division 

• Exopterygota 

Order 

- Isoptcra 

Type 

• Termites 



HABITS AND HABITAT 

The termites occur throughout the tropics and temperate 
countries. About 1600 species are known. The most common are 
Micro!ermes and Odomoermes. These are colonial insects. They 
either burrow in wood or make sub-temnean nests or termiiaria. 
They feed mainly on wood and the cellulose is digested with the help 
of symbiont flagellate, Trichonympha campanula living in the intes¬ 
tine of termites. 

EXTERNAL FEATURES 

These are soft-bodied small to medium sized insects. The colour 
of the body is white or pale yellow. Tire body b elongated and 
flatenned with smooth or hairy surface. The body is divisible into 
three parts. 

1. Head 

2. Thorax • 

3. Abdomen. 


1. Head. The head is free and well sclerotized. It bean a pair of ^ 541 

sides of mesothorax and metathorax. The wings are membranous and exterd behhd^ kT ° f W ? gs on tbc docso,,tcri1 

The wings are absent in sterile forms. hmd the body. TTiey can be shed at basal suture. 
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3. Abdomen. The abdomen bears 10 segments, ending in 
a pair of short 2-6 jointed cerci. In male the 9th segments bears 
a pair of anal styles. 

Polymorphism 

The termites are polymorphic and includes two forms: 

1. Fertile caste or reproductive caste 

2. Sterile caste 

/. Fertile Caste. These are also called reproductive or sexual 
castes. The fertile individuals comprises the following 
forms: 

(i) L arge winged or Mac ropier ous forms. These are tme 
king and queen. Their colour is yellow, brown or 
black. The wings extend for beyond the hind-end of 
the body. The compound eyes are widely separated 
and are large. The ocelli are usually present They live 
in royal chambers. The sole duty of king is to fertilize 
queen and queen is to lay eggs. 



Fig. 54.2 A—Quern of umtits wi&oai wings afier oapeial; B— 

Wingless Merit* worker, C—Maiaie qaeea. I>—Tbe 
wiaged mile before aaptial. 


(ii) Short winged or Brachyterous forms. These are sup- 
plimentary reproductive individuals. They have a less 

cbitinized body of pale-yellow colour. The two pairs of wings are vestigial, short and stump-like. The compound cy 
are small and the ocelli may or may not 
be present. These forms replace the true 
king and queen in case tbe king and queen 
die. 


(iii) Wingless or Apertous forms. These arc 
called ergatoid king and queen. Their 
structure is similar to that of a worker. 
Their body is colourless, wings are ab¬ 
sent The compound eyes are vestigial 
and the ocelli are absent. Tbe sex organs 
arc poorly developed. 

2. Sterile Caste. These are wingless forms with 
rudimentary reproductive organs. These are 
blind or eyeless and colourless. The sterile 
caste is of three types: 

(i) Workers. These arc the most numerous of 
all castes. They arc generally dimorphic, 
i.c., occur in two forms: small and large. 
In some cases they are trimorpbic. being 
small, intermediate and large. The 
workers construct and repair the nest: 
collect and distribute the food: look after 
the eggs; and feed the nymphs, soldiers 
and the royal couples (tme kings and 
queens). In some species, the workers 
cultivate a certain fungus on a finely 
chewed vegetable matter for feeding the 
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royal couple* and nymphs. 

(ii) Soldiers. The soldiers are ihe most highly specialized. They 
defend the colony against enemies. These arc pale coloured, 
pigmented forms with large chitinized big projecting mandibles. 

The brain is small and compound eyes are vestigial. In certain 
species there may be three grades of soldiers: large, medium and 
small sized. 

(iii) Nasutes. In some higher genera the mandibulale soldiers are 
replaced by nasutes ot proboscideans. These forms are short with 
vestigial mandibles. Their head is prolonged into a rostrum, 
which bears at its tip the opening of frontal gland. They throw a 
jet of sticky secretion of the frontal gland on the invaders through 
their rostrum. This secretion immobilizes or kill the enemy. The 
secretion is also used to dissolve hard substances like stones, 
concrete which are in the way of the workers when building. 

They may be dimorphic or trimorphic i.e. small, medium and 
large sized. 

Nests 

Primitive termites live in galleries bored in wood, logs, fense, poles, 
furniture etc Some termites make tunnels in the ground, they destroy roots 
of grasses, vegetation and oops. Other construct a nest or lemitarium. 

The nests consists of a labyrinth of inegular tunnels and chambers and 
may be entirely sub-temnean or with a mound above the surface These 
mound may be from few metres to nine metres. The natives of Belgium 
and Congo clear them of the termites and use them as their dwelling huts. 

There are other types of ihe termites which form lermitaria ofcartn and 
masticated wood. These are of the size of a football and are placed upon the trees. 

LIFE HISTORY 

Swuntagaad mating. In ttte rainy *ason. with the fimahower of tain, a large number of macropterous forms (kings and 
queens) leave the termluriu mthnmgh the holes made by soldien and Oy away to new sites. It occurs during nightly 

^“'7 k ri b » duri ”« “ d A l«gc uumba of these forms lea ten up by 

Ii/jru6, birdi, toads, ants etc Only a few lucky ones survive and found a nrw mlnnv At a* ,l. a. . * * 

Thus the flight is not a true nuptial flight but rather a dispersal flight ing and queen mate 

The king and queen together excavate a small burrow in the ground called the nuptial chamber The Queen lavs TW 
eggs are tended by the royal couple and batch into workers, which soon lake ud their duties Th# * , y W Thl ^ 
modifications. Her ovaries and fat bodies increase greatly while the jaw musclL dcccnciatp Th f 1 "°* un J"8°« d ™tic 
life, and they mate at regular interval. The queen grows her abdomen to an tnormofL sr/r Srt/K ^ ^ *** qU “ n f ° r 

small, she is unable of the slightest movements and she lies passively in the rovil1±am£ 5 ^ T’ ^ J**" 8 tbSUrd,y 

defended by the soldiers. On an avenge she lays 4000 em ner tk * ch,mbe J- She a tended by the workers and 

million eggs during her life * * 24 *** m *y *» 6-15 years and lays about a 

Development.The eggs are pale, smooth, oval or elongated Thevh.tr*.• . 

in size, wings art absent and sexually immature. After several moults the mm, V “W**. •od resemble adults excepts 

castes from similar eggs in perhaps determined by variable food supply, hormones pblMcEhtta^* 1 ™ of 'different 

ECONOMIC IMPORTANCE 

The termites are highly destructive insects. They attack and d«m» 
and bridges, furnitures, nil way-sleepers, fences, oops, books and paj^ ° fpUnl nute ™ k . wood used in buildings 
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However, they are useful also in certain respects. They increase tbe fertility of the soil by making it porous with their bunows 
like the earthworms. They dispose off dead wood in the forests to make room for new vegetation. They are eaten by natives in 
some tropical countries, like South East Africa. 


CONTROL 


They can be destroyed in the field by pouring kerosine and cetbon bisulphide and chloroform or petrol. Watt CM be 
fumigated by Arsenic, Sulphur and Kerosin oil. Trees must bee banded by coal- tar or 5% DDT emulsion in oil should bepainled 

on the trunk to 0.45 metre from ground level. This treatment sbouldbe done after mansoons.Aa>lony of termites can be eradicated 

only after findings out and killing the queen. 
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BOMBYX MORI 


Bombyx mori commonly called as Chinese or mulberry silkworm moth is a native of China. It is well known for the pure 
silk. The moths are reared for silk. 


SYSTEMATIC POSITION 


Phylum 

• Arthropods 

Gass 

- Insect* 

Subclass 

Plerygota 

Division 

* Endopterygota 

Order 

• Lepidoptera 

Genus 

• Bombyx 

Species 

mori 


TYPES OF SILKWORMS 

1. Mulberrysilkworm. The mulberry worm (Bombx mori) belongs to the family Bombysidae. It produces most of the raw silk 

r S J 15 su PP OS€<, | , ° ** su P eri0f oibc, types due to its shining and creamy white colour. The 

caterpillar feeds on mulberry leaves. 

2 A ’f“ iU 0f gcnus Amlu,ar P™ 1 "* *«k- Tide .It A. myliiia. A. paphia, A. roy'li, A. 

perym tic. Tbcu Cllcipill.r feed on loves of Alj.n, As.n, Sal.Oak and various other secondary food planls. 

3 ' fstorttoj 1 ’' S “ k “ Pr0d " Ce<i by MUCUS ’*** W * ““'T 31 " f “ d “ c * s, °' ™e silk is creamy while bui 

4. Manga sUhaorm. The mun*. silk fa obuined bom die capillar otAmUtaaa assn™ which feeds an Champa, Cinnamon 

ipolyvoUine) and are cultivated in warm dunatc * ^ Sl " ,n> h ° WCVCr ’ P roduce 2 * 7 broods • V™ 

EXTERNAL CHARACTERS 

developed the moths Oy very rarely. Female^re lon£r than the m.l« Th, 8 * C“* of wu « s ire »PP*«nUy well 

fcaibesy in both Ihe sexes. The life-span of adult fa *hd4lns»anyruqth!^&o^2£3day^de^ii^mtoe*foo<^irii^rhfa*period* 


Male and female moths copulate in tail to tail 


LIFE HISTORY 


1 . 


position. Life-history comprises four stages. 
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2. Larva 

3. Pupa 

4. Adult 

The metamorphosis is complete. 

1. Egg. Soon after fertilization, each female lays 
about 300-500 eggs in clusters upon the leaves of mul¬ 
berry tree. They are fixed to leave with a gelatinous 
secretion. The eggs arc small, smooth and spherical 
when laid they arc yellowish white but become darker 
later on. The female dies within 3 or 4 days after egg 
laying. In the univollinc race overwritering lakes place 
in the egg stage, as such the eggs may batch in months. 
In polyvoltine race the eggs hatch in a few days. 

2. lairva. The larva is called caterpillar or 
silkworm. The caterpillar larva which batches from the 


head 


dorulSom 


cocoon 



adult m* 


Fig SS I 


•doll female 


Don,byt mori. Life kiiioiy. 

egg measures 5-7 mm in length. These caterpillars move on the leaves in a characteristic looping manner. Their body is rough, 
wrinkled and greyish in colour. They are made up of 12 segments which are distinct into three parts: head, thorax and abdomen. 
The head bears mandibulatc mouth parts with which they feed upon the leaves. The thorax is 3 segmented and all the segments 
bear a pair of true 5 jointed legs vcntrally. The abdomen is 10 segmented and bears 5 pairs of unjointed, slcmpy prolegs ot 
pseudolegs. These prolcgs are present in each segment 3rd. 4th. 5th, 6th and 10th. A short dorsal anal liorn is present on Mb 
segment. The prolegs of the last segment turn backwards to form the claspers. There is a row of small respiratory pores, the 
spiracles, on either side of the abdomen. 

The larva has only three pairs of simple eyes or ocelli The antennae, maxillae and labial palps arc rudimentary. 

The larvae feed voraciously upon the mulberry leaves and grow very quickly. They stop feeding, become inactive: afteir 4-5 
days, and than 1st moulting takes place. The 2nd stage larvae resemble the 1st stage larvae: except '^e la^ae 

in size. They also cal voraciously for next seven days than 2nd moulting takes place and third stage arva alcrpillar 

repeat this process for four times. The maturity is achivcd in about 45 days since the time of 

now measures 7-10 cm in length. By this time the formation of a pair of salivary glands ,s completed. Since these glands secrete 
silk they are called silk glands. 

3. Pupa. The mature calcrpiller stops feeding and excrete is Iasi CXCTC ^ 

silk glands through a very fine pore called spinneret situated on the to'*** 1 )**' of si|k Tbc ^cd is made up of five 

in contact with the air the sticky secretion is converted into i.fine, long and^ , round lbe body of larva forming 

filaments stuck together by sencm secreted by two other glands Th '' h * . h J£ lhc pf0lC ction of tbc caterpillar lor 

a cocoon. This process continues for 3-4 days. The cocoon serves as comfortable house P 

further development. ^ ^ 

The cocoon is a thick, while or yellow and oval capsule. The outer or initial c u« Unwound in ring. The silk 

inner one that form the actual bed of the pupa 

thread is secreted at the rate of 150 mm per minute. Within 5 y W claspers. anal horn and mouth parts are 

The pupa lies dormant but undergoes metamorphosis. The larval rngans such pro.cg 

lost. The adult organs develop. Within 12-15 days the adult is formed. . 

4. Adult (Imago,. The adult secrets an alkaline fiu.d 

this end and tbc adult comes out. Soon after the emergence, the silk moths mate, lay egg 


Economic Importance 

The silkjnolb is . very viable insec. as i. gives us silk. Besides silk i. giv.es gu,. 



Bombyx mori 


535 


SERICULTURE 

Sericulture is the production of silk by rearing silkworms. The silk industry originated in China about 3000 B.C. A Chinese 
Princesses Siting Shi was the first to discover the art of reeling an unbroken filament from a cocoon. This art was kept a dose 
secret for nearly 3000 years. This art later on spread to the rest of the world. 

Sericulture is a regular industry. India has silk-produdng centres in Assam. Bengal. Madras. Mysore. Punjab and Kashmir. 
Healthy eggs of high-yielding strains are procured from sericulture research stations. The eggs are placed in paper-lined trays 
made of spilt bamboo. The trays are kept out of the reach of ants. The eggs are periodically stirred by a feather. Larvae are given 
chopped leaves of a good quality mulberry trees 5 to 9 times a day. The pupae are not allowed to become adults, as the latter 
rupture the cocoon to escape, and thereby cut the silk thread of cocoon into pieces. About 10 days after cocoon formation, the 
pupae enclosed in them are killed by soaking the cocoons in hot water, by steaming them, by giving them dry beat in an oven or 
in the sun, or by fumigation. Some cocoons are kept safe. Their pupae are allowed to develop Into adults to get seeds (eggs) for 
the next crop (brood). 

Reeling of raw silk from cocoon 

Reeling constitute an important aspect of sericulture because cocoon production is directly related to reeling industries. 
Before reeling the thread the cocoons, with dead pupae, are dipped in a container of hot water for more thn 10 minutes. During 
this period they are continuously slined with a rod. For tasar silk special cooking techniques is employed. The cocoons are dipped 

in 0.5% Na2 CO3 solution for 18 hours. Than cocoons are subjected to steam cooking for 2 - hours. After 24 hour the cocoons 

arc treated with 0.5% Nt2 CO3 solution for 15 minutes. Due to this process, their outer portion is loosened and removed in the 
form of long tapes and the end of the continuous filament is found. The filaments of several cocoon are picked up and passed 
through the ‘glass eye’ on to the reel. The thread thus reeled forms the raw silk of commerce. About one kilogram of raw silk is 
obtained from nearly 55,000 cocoons and one cocoon yields about 300 metres of silk-thread. The waste superficial threads and 
damaged cocoons are combed and teased. The resulting fibres are spun and this is spun silk. 

Mulberry-silk is restricted to Pumea distrid, along the border of West Bengal. The total production of silk is of the value 
of about 3.5 crorcs in Bihar. Munga silk is only produced in Assam. 
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Every organism should possess, in the view of feeding, organs which are either primaries or secondaries modified structures 
those enable the animals to feed and live as long as they are alive. The insects shows various specializations in their mouth parts. 
No doubt the insects arc most successful forms among invertebrates and are adapted to the nature or environment so intimately 
as that their number is increasing constantly. The success of this group in all respective reveals vivid variations in mouth parts 
that arc also being modified according with their modes of lives. 

According to the food and manner of feeding the mouth parts are of following types: 

1. Biting and chewing type 

2. Chewing and lapping type 

3. Rasping and sucking type 

4. Piercing and sucking type 

5. Sponging type 


6 . Siphoning type 

Out of these the rasping and sucking type is considered to be less important because the parts radiating to the piercing »nd 
sucking type. 


I. Biting and chewing type 

The biting ind chewing type mouth pans ate considered to be most primitive and they are said lobe.^^umoffMding 
mouth pans. These mouth pans.re found in groups such as Orihoptera. Isoptera. some 
is simple because that are meant for pinch off. chewing up and swallowing the p.ecw of plant or animal tissu 


The mouth parts consists of: 


(i) Paired mandibles 

(ii) Paired maxillae 

(iii) Labium or lower lip. 

(iv) Labrum or upper lip 

(v) Hypopbarynx 

(vi) Epipharynx 

These mouth parts are further divided into three subdivisions: 


(a) Grinding type 
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(b) Grasping or Predaceous type 

(c) Mandible-suctorial type. 

(a) Grinding type. Especially this type is found among cockroaches and 
grasshoppers. Because of being considered them as generalized one so we have 
to describe the various parts of mouth parts first: 

(i) Labrum or upper lip. It forms the a roof of the mouth cavity, hanging 

from clypeus and variable in shape and size. hypophwyna 

(ii) Maxillae. These are paired and attached laterally. Each maxilla con- |uhm 
sists of a basal part, the protopod i te wb ich is made up of two segments. 
cardo and stipes. The stipe bears two branches distales, the inner nm 
endopodile and an outer exopodue. The endopodite consists of two 
lobes, inner lacina and outer galea which bears the taste buds. The |lo,u 
exopodile is a branch of stipes possessing 5-jointed maxillary palp 
which acts as tectile organ. 



compound 

eye 


mandible 


maiilt»»y 

palp 


(iii) Mandibles. A pair of mandibles lie in the mouth cavity and they work 

transversely to masticate or grind the food. Each one is an unjoinled , . 

and triangular piece usually, which are very stout. The inner edge of '* ** of CWW*. 

mandible bears tooth-like denticles which interlock while capturing the prey. The smooth molar area provides the 
masticatory surface. Proximal to molar area is a membranous lobe, the pros theca which bears sensory hairs. 

(iv) Labium or lower lip. It forms the floor of mouth cavity. It is formed by the fusion of two maxilla-like appendages. The 
basal large part is submentum. which supports the some-wbat smaller mentum. The mentum supports the prementum 
and paired glossae and paraglossae together constitute the ligula. The prementum bears, on each side, a three-jointed 
labuilpalp borne on a basal projection, the palpiger. 

(v) Hypopharynx. HU. mdi.n p,o«* died tbe longue, occupying in lie bucol uvity. I. boon .1 Ihc hue .n opening 

of salivary duel ^ ^ 

(vi) Epipharynx. It is a membrane like structure lining the under surface of the labrum and bears taste buds. 


W TbU “W *» * I*!*" especially in d» soldic, osu which „c provided with 


(c) Mandible-suctorial type. It is common in ants. Their man¬ 
dibles are sickle-shaped possessing a groove ventrally and are 
provided with suckiijg tube in order to suck up tbe juice of the 
prey. Tbe maxillae are slender and fits into tbe groove of 
mandible of its side. 

2 . Chewing and lapping type 

This type of mouth parts are seen in the group Hymenoptera such 
as bees and wasps. Here the mouth parts are modified for collecting the 
nectar and pollen of the flowers and moulding tbe wax and serve for 
both chewing and licking of the food. The mouth parts are the same in 
all respect as that found in generalized type except in a few modifica¬ 
tions. The epipharynx projects below the labrum and the mandibles are 
soft or smooth and spatulate. In workers these art utilized in building 
the honey combs. Galea is elongated and Wade-like but the maxillary 
pips arc vestigial. The labium is articulated with basal triangular 
postmentum or submentum and man turn which is having muscles 
Paraglossae a re greatly reduced where as the glossae are much donga ted 
constituting the retractile ligular tongue which terminated distaUy as a' 
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boncyspoon or labcllium. Tbc labial palps arc well developed when the animal wished lo lake food, the terminal lobes or maxillary 
galeae and labial palps are brought close together to form a groove or hollow tube which can be inserted into the flower where 
(be labcllum moves forwards and backwards to collect pollen and to suck up tbc nectar of flower. There are two views either the 
liquid food can be drawn by automatic capillary action or it is the action of pharyngeal muscles. 

3. Rasping and sucking type 

Such type of mouth parts arc seen in Thrips. The mouth parts are adapted for lacerating and sucking. One of the mandible 
is reduced markedly but there is nothing like piercing. Tbc stylet is used for escaping the surface of the prey. 



Fig 56 J Monk pirtt of CAWs. 


4. Piercing and sucking type 

This type of moulhparts are common in bugs, mosquitoes, 
aphids, scale insects, flea and some other forms in which the mouth 
parts are modified with regards lo diet. These are modified in four 
subtypes: 

(a) Hemipterioiis type. Here tbc four needle-like stylets, 
which are grooved lengthwise and lying in the long 
jointed lower-lip rostrum, are present The labium is 
modified into 3 jointed rostrum. A pair of sharp, pointed 
mandibles and a pair of slightly shorter maxillae with 
senated edges are present. These four are modified into 
stylets and are rectactiJc and protractile, unlike that those 
of a mosquito. The labial and maxillary palps arc al¬ 
together absent. The inner maxillary surface arc grooved 
so as lo form two exceedingly fine channels out of which 
one is feeding canal and the other is salivary canal. Tbc 
labrum docs not take part into the formation of food 
channel. 

The mechanism of feeding is that the beak is bent and piercing organs are stylets which are gliding up and down finally 
sunk deeply into the ficsb of the victim. By the strong motion of the pharynx the blood or juice is sucked up r g 
the tube formed of piercing organs. It is found in bedbugs and in some aquatic bugs (Spliaerodoma). 

(b) Anoplurous type. Such sub-type of mouth parts are found in hair-louse in which the moulhparts «« withdn.wn into a 
' pouc h under the pharynx, if no, in use. The pouch is said to be style sac. the rest is a. the »me ar wefound In bu^ 

Besides a minute tooth- like structure on the head called buccal denticle is present The latter ena e 
its head to tbc skin of tbc host thereby it starts feeding. 

Flea type. This sub-type of mouth p.ns ,.c well m„ k cd in 0~. Wb.cb 

dogs. r.ls etc. This type is charactered by the presence of a p.ir of tong Ulc ml „dibles. the 

Labium consisting of two halves fused at Ibcir bases so as to form a P labium These mouth parts are 

labrum and the epipharynx. which are fused to cover up the m.d-dorsal opening of the labium. These mo pa 

adapted to pierce and suck to the blood of the host 

Dipterous type. This sob-type is found in mosquitoes. These .re 

maxillae are modified into fine rod-like stylets which are used p hypo-pharynx is double edged, 

and fused with the epitbarynx and covers the mid-dorsa. opemng of .be The llbii , palps 

served with a mid-dorsal groove, which forms the salivary passage for the secretion 

are absent, but maxillary palps are present. for the ascend 

While feeding, the hypopharynx and labrum-cpipbarynx cl^ly^ order to check the clotting 

of the blood through this tube. The salivary secretion is poured through the groove of bypop yn* 

0 f 'Tma,c mosquitoes, the mandibles are totally absent so that they suck plan, juice, whereas the ..male sucks the Wood of 


(c) 


(d) 
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human beings and other cattles because of piercing the skin by 
powerful mandibles. 

5. Sponging type 

This type of mouth parts are found in Diptcra such as 
house-flies, callipliora and others. The adaptability of the mouth 
parts suited alone to suck as tlie liquid and not piercing the tissue 
of enemy. These forms are capable of sucking even solid food 
which has to be convened into liquid by their saliva before 
sucking. 

The labium is modified into so called proboscis which has 
got a groove with membranous sides and the groove is covered 
by labrum, epipharynx and bypopharynx dorsally. The proboscis 
expands dorsally into a oral-disc or labcllum which possesses a 
number of pseudotracbeae. Its proximal pan is cone-like known 
as rostrum bearing maxillary palp and the middle is baustellum 
with a mid-dorsal groove serving as a food passage. All the 
pseudotracbeae are converging into the central aperture, the 
mouth, which leads into the food passage. The mandibles are 
absent while the maxillae are represented by ewo maxillary 
palps, each made up of a single piece. 


iiiuie 



hypopharyru 


food channel 


ihcca 


Generally the two labcllae are kept retracted upwards and 
backwards during rest, but these labellac arc protracted and ex¬ 
panded and placed over the liquid food. The fly can consumes a 
solid food particle of an easily soluble kind like sugar, the fly, 
extrude a drop of saliva to make the solid in dissolved form. The 
liquid food is drawn by the pseudotracbeae and than passed on to 
the food-canal which is formed by labrum-epilharynx and 
bypopharynx lying in the mid-dorsal groove of the baustellum. 


Ft#- 56.4 Mot'kpani olmn/ro 


ucond maulU 


6 . Siphoning type 

This type of mouth parts are seen in lepidoptcrans (butterflies 
and moths). These are highly specialized for sucking up the juice of 
flowers and fruits. 


mtulUry p.tp« 



— firu maxilla 

fim maxilla 


The mandibles are usually absent but if present they are very 
much reduced. The labium is too much reduced. The maxillary palps 
are considerably vestigial. The labium is represented by a triangular 
plate bearing the labial palps. The galeae of maxillae are modified 
into a proboscis through which liquid is drawn up. The proboscis is 566 Mo«ik p»m of Biatrjfy. 

kept colled when it is in rest 



When the insect wants to feed than only the watch spring-like proboscis becomes uncoiled and 
where its diet is available. “ “■ 


extended to reach the spot 


In Hexapoda the function of the mouth elements is seen in two quite different lines I.™ .v 

the mandibulate possessing the biting and chewing type and other inHaustellata consist^ sSdfin^P^h"* “ 

ST VkW “ “ ‘ , ' Cid01,1,,, “* bi,i "® ChCWing P^itivc SjfalSS 
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RESPIRATION IN INSECTS 


The respiration includes both physical and chemical processes. The physical envolves the transportation of oxygen to the 
tissue and removal of carbon dioxide from tissue where as chemical process envolves the oxidation of carbohydrates with the 
formation of energy, carbon dioxide and water. In the case of vertebrates the oxygen is transported to the tissue by blood with 
the help of a respiratory pigment, the haemoglobin, but in the case of insects the blood plays very little role in transportation of 
oxygen to the tissue except the larvae of Chironomus which have haemoglobin in blood plasma. 

Various types of respiratory organs are present among the insects according to their mode of lives. 


I. Tracheal Respiration In terrestrial Insects 

In the insects, particularly in terrestrial mode of life, the respiratory organs are tracheal tubes. The tracheal tubes are 
invagination of the ectoderm and are internally lined by cuticular intima which is thickened by spiral 
It not only gives the support to tracheal branches but also prevents the collapse of wall. These tracheal trunks divide and 
and ultimately ends into a culste. of tubes called rrucWes. The tracbeole devoid of uemdia Tbetracheolesatehnesby .prole 
called Irachew. The ultimate tracbioles enter the individual cells of the body, and are party filled with a fluid called oadteole 
fluid at their distal end. By the reduction in the amount of fluid, more of the surface walls of the tubules tn exposed to oxygen 
and more oxygen is immediately supplied to the tissues. 

In certain insects like cicadas, honey bees, butterflies dekwh* dilate into ai, mmN"* 
the spiral thickening, allow an increased supply of oxygen and afford a greater breathing capacity of the insect 

The tracheal branches open to outside by many apertures called spi r«Us. The 
and situated on the lateral sides of the body. Usually these are 10 pans '"«"^2pa«"e , 

Each spiracle is supported by a small annular sclente called perrrreme. The spiracles canb*dosedI or open y P 
muscles. In some c.s« the spiracles are absent so that on the basis of presence o, absence of spiracles the system 

open type or dosed type. 

the open type of trachea, system when all the spirac.es remain open i, is 
and some larvae. When one or more pairs of spiracles remain closed the system m „ apn euslic. When the functional 

butterflies, beetles etc., when the posterior spirades are functional the apneuslie . 

spiracles are present only on protborax. it is called prepend when the spuades are absent it Be P 

IL Close type of respiration in aquatic Insects. 

The close type is present in some aquatic hsert iad Oerter Hemiptera. 

The inmature stages ofOdoneta. Plecoptera and Ephemcopteuam^.tic and draw oxygen through general 
or specialised structures, the gills, so that they have two types of respiration. 

1. Skin or cutaneous respiration. 


2. Gill respiration. 
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/. Cutaneous respiration. In those, insects where cutaneous respiration occurs, the tracheal system is fairly developed without 
spiracles. The gaseous exchanges takes place through general body surface by diffusion. The larvae of aquatic lepidopterans 
show this type of respiration. 

2. Gill respiration. It provides an enlarged respiratory surface formed by evaginalion of integument The gills are usually thin 
walled. In aquatic forms three types of gills are present: 

(i) Tracheal gills 

(ii) Spiracular gills 

(iii) Blood or anal gills. 

(i) Tracheal gills. It is formed by hallow evaginalion of integument or intestinal wall. These are supplied by fine tracheal 
branches and known as tracheal gills. The tracheal gills may be filamentous (as present in the case of Plecoptera, some 
Epbemeroptera and Tricboptera)or plate-like (as in larval Odoneta and some Ephemeroptera). In some odonates peculiar rectal 
gills arc present. These are six folds formed by the rectal wall. They are well supplied with tracheal branches and hence sometimes 
they are referred as branchial basket. The insect draws water in the rectum through the anus and exchange of gases lakes place 
here. 


(ii ) Spiracular gills. These gills are found in some coleopleran and dipteran aquatic pupae. Here I or 2 pairs of spiracles are 
drawn out to long processes which have named as spiracular gills by Hinton (1953). Some of the pupae can live in damp climate. 
So that the gills are considered to adopted both for acral as well as aquatic respiration through gill surface. 

(iii) Blood or anal gills. They are thin diverticulae of integument or of the proctodacum. They arc present in aquaUc larvae 
°f beetle ( Hydrobia). These gills are supplies with Wood hence they are known as blood gills but in the case of larvae of Tipulid 
the tracheal branches are also present so that they function as the tracheal gills as well as blood gills. In the case of blood gills 
the respiratory function has not been demonstrated. Wigglesworth (19S5) bwc shown in mosquitoes larvae the blood gills are 
concerned with the regulation of movement of ions absorbed from the water. 


III. Open type of respiration In aquatic Insects 

This type of system is found in secondary aquatic forms belonging to order Hemiptera and Coleoplera. They have spiracles 
through which tracheal branches draw in atmospheric air. Since the insects live in water they have developed certain adaptations 
to ensure the supply of air while they arc in submerged stage. The various modifications ait: 

1. Air stores. Some of the nymphs and adults of water-boatman and the back-swimmers and also the nymphs of Spherodema 
certain amount of air is carries by the insect attached to some pari of body when the insect dips in water. In the case of watci 
boatman and back swimmer air .s carried on ventral surface of body. The air is kept by hairs called hydrofuge hairs, which resist 
penetration of the air filled by water. In adults of some beetles the air is carries by wing cover or elytra The spiracles remain in 
contact with air and draws i, bu, the air is no, available for a long time so that th'e ini, have L ie 

fresh air bubbles to the surface. Besides in respiration the air bubbles also has hydrostatic function. 8 g * 

2. Gaseous plastron. This plastron is a permanent bubble held by various means around the body by certain insects The 
plasbon communicate with spiracles so that the spiracles are «Ne to draw . ir bom water. So that i, has permanent nam^ Sc 
msecthas no, to come on surface again and again for fresh air. 7brpe(1950) described such type of respiration in cer^in aqu^c 


3. Air tubes. Many insects which remains submerged in water acquire and obtain air through 

break the water surface. In such insects the spiracles are situated at the tip of the tube and the resfof snirar! ^ ^ “I 

and hence either may closed or under-developed (larvae of mosquitoes). In the Culex larvae a tube project^!! n0n ' fun J Uona J 
water to draw air in. The ra,-tiled (dipteran larvae) have the tube of about 3-4 inches lone Whrn iL i ^ *** $ l“ fa “ ° f 
in water the long tube projects outside to draw atmospheric air. While this type of tube p^Un d.ffc cm *( 0 ™™ ' mergC . d 
Hemiptera such as N'pa, B'louona and SpWema. there U a long reaper, spihon^gh SE Ti™ 

4. Plant perforating spiracles. In some insecto the spiracles are situated on sham-pointed 

maeci into the air cavities of hydrophytes fo, the purpose of getting air. His is founcHn the laWKand^jupae^ofcetuirmjIeptcrim; 
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and diptcraiib. 

Thus from .be above account, i. is dear .ba. aquatic msec* have assumed seveml ^SST S>S " m 

to enable them to Itve in water. Wttbou. such modifications it would no. have possible to them to lead an equattc life. 
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METAMORPHOSIS IN INSECTS 


Insects develop from the primordial cells in the ovaries of females. Tie eggs are laid and hatched out aide the body after a 
variable time. The development within the egg is called embryonic development and period after batching of egg is called post* 
embryonic development One of the most characteristic features of insects is the fad that they almost always batch in a condition 
morphologically different from that of the imago. In order to reach the latter instar they consequently have to pass through changes 
of form which are collectively termed metamorrphosis, these are usually most pronounced towards the end postembryonic 
development and they are accompanied by physiological and biochemical changes. During metamorphosis the exoskeleton or 
outer skin is cast off periodically. This process is known as moulting or eulysis. The larval stage between two moultings is called 
stadium. Thus the insect growes by a series of changes and these growing stages are called instars. The number of moults vary 
but is constant for a given species. On the basis of these changes the metamospbosis is distinguished into following type*: 


1. Amciabolous development or no metamorphosis 

2. Hemimetabolous development or incomplete metamorphosis 

3. Paurometabolous development or gradual metamorphosis 

4. Holometabolous development or complete matamorpbasis 

5. Hypermetabolous development 



Flg.sa.1 Ltpitma. 


1. Ameta bolus development or development with no metamorphosis. In **v 
some primitive forms of insects the egg batches in a form that resembles the adult ^ 
in all morphological details except in size and colour and in the absence of wings, 
reproductive organs and external genitalia (styles etc). The stages of development 
are: egg-young-adulL Ametabolus development is seen in Lepisma. spring tails 
(Tbysanura, Collembola and Protura i.e. in apterous insects). 

2. Hemimetabolous development or development with Incomplete 
metamorphosis. This type of life-cycle includes gradual metamorphosis as in 
paurometabolous type except that the eggs are laid in water and develop in aquatic 
nymphs or naiads. These naiads posses tracheal gills but adults are formed from 
naiads by repeated moults and maturity. Final moult results in the winged adulL 
The developmental sUges are: egg-naud-adult Hemimetabolous development is 
seen in Mayflies, Dragonflies, Slone flies etc 

3. Paurometabolous development or development with gradual metamor¬ 
phosis. In case of gradual metamorphosis, the newly hatched creature resembles 
an adult in general body form.Vut lacks wings and external genital appendages. 

The young or the nymph undergoes several nympbal stages through successive 
moultings to become an adult. The developmental stages are: egg-nymph-adult 
Paurometabolous development occurs in grasshopper, cockroaches etc 

4. Holometabolous development or development with complete metaranmh^u r„ , 
development includes four develop menu I sages - egg-lira vi -pup,, idulc The Urv* 
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from the adult both in structure as well as in habit The larvae arc classified into 
following types: 

(i) Profopod larvae. This type is found in the primary larvae of certain 
parasitic Hymenoptera. The eggs of such species contain little yolk and 
the larvae emerge are an early embryonic phase. The nervous and 
respiratory systems are undeveloped. 

(ii) Poly pod larvae. T ypical examples of this type are the so called cruciform 
larvae of most of the Lepidoptera.sawfliesand scorpion Dies. They bear 
well defined segmentation, presence of abdominal limbs or prolegs and 
a peripneustic tracheal system. Antennae and thoracic legs arc small, 
compound eyes, ocelli and wing pads are totally absenL 

(iii) OUffopod larvae. These are characterized by the presence of more or less 
well-developed thoracic legs and absence of abdominal appendages 
except sometimes for a pair of similar caudal process. Two common 
types can be distinguished. 

(a) Campodeiform lar\'a. They arc so called from their resemblance to 
Campodea (Thysanuran insect). It bears an elongated more or less fusiform 
somewhat depressed body which is often well sclerotizcd and markedly prog¬ 
nathous bead, long thoracic legs and usually a pair of terminal abdominal process. 
Compound eyes, dorsal ocelli and wing pads are absent Campodeiform larvae 
occur in the Ncuroptera, some Coleptera. Trichoptera and Slrcpsiptcra. 

(b) Scarabeaeiform larva. These are subcylindrical, C-shaped larvae with 
shorter thoracic legs, a soft fleshy body and no caudal process. The larvae are seen 
in Scarabacoidca. in Coleopteran families etc. 



Fig. 583 Pou/iwwfrobotoos development. 



(iv) Apodous larvae. In this type the trunk appendages are completely absent F,g 58 4 
and most cases are probably derived from oligopod type. 


HolomeioMovi development 


Such a larvae arc seen is several families of Coleoptcra. 

After several changes the larva turns into pupa. The pupa appears to be inactive externally but internally it is very active 
and forms the imago. The following types of pupae are distinguished by Hinton (1946): 

(a) Decticouspupae. These have relatively powerful, sderotized. articulated mandibles. This is the primitive type < 
and is always of exarate i.e. the appendage, are not closely applied to the body but are used inlocomotion. This type 
pupa occurs in Neuroptera, Macoptcra. most Trichoptera. in some lapidopteran families etc. 

(b) Adecicouspupae. This type have a non-articulate mandibles and are not used in escaping from the cocoon. TT»ee forms 
of adecticous pupae are recognizable. 

(i) Exarate or decticous pupae. The appendages a.c free of any secondary anachmen. -o ihe body. They are found in Ae 
Siphonoptera and Strepsiptera. most Coleoptera and Hymenoptera. 

- -aI53S5KS 

into non feeding, inactive stage called prepupa. It is enclosed in the cuUde of preceedmg 
occurs in some Ncuroptra. Coccidals and many endoparasitic Hymenoptera. 
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INTERNAL METAMORPHOSIS 

In those cases where the metamorphosis is gradual or incomplete, the internal organs do not undergo any major modifications 
but some very minor changes are observed. In the case of holometabolous and bypermetabolous development major changes 
take place in internal organs because of different mode of life. AJI these modifications of internal organs takes place within the 
pupa. There may be other structural or physiological internal changes, so that the pupa b inactive externally but it is active 
internally. During early pupal stages internal organs break down or dbsolved (probably as a result of lysosomal breakdown) or 
by phagocytes. Tbb process is known as bbtolysis. This phenomenon differs in different insects. In some cases it b minor or 
may be major. After histolysb new tissues are formed from certain pad- like structures known as immaginil pads or histoblasta. 
Tbb process is known as hbtogenesis. It b ultimately followed by a process of organogenesis. The internal changes within the 
pupa differ in different groups of insects. In Coleoplera, Lepidoptcra. Hymenoptera and some Diptera intestine and other larval 
parts are greatly modified without general histolysis. Similarly in certain diplerans the general histolysis b noted so that all the 
organs are dissolved and reformed except the nervous system, heart, reproductive organs and thoracic appendages. The study of 
internal metamorphosb is not thoroughly studied in all the groups of insects but still it b unknown in some of the other groups 
of insects. 


HORMONES AND THEIR ROLE IN METAMORPHOSIS 


Insects have a rigid cxoskelcton. because the exoskelton do not expand to 
allow for enlargement, insect growth b associated with the periodic shedding of 
the exoskeleton in a process known as ccdysb. Ecdysis b followed by the 
expansion and hardening of a new, soft, larger exoskeleton that has developed 
underneath the old cxoskelcton. Thus, insect development indudes a series of 
ecdysis or moults, and the stages between the moults, are known as insure. 

In Insect development, metamorpbosb b the change in body form that 
converts an immature individual into an adult. MeUmorpbosb b cither incom¬ 
plete or complete comprising eggs-nympbs and adults in former case and eggs • 
larvae - pupae - adults in latter case. Several hormones regulate in insect growth, 
moulting and meUmorpbosb. The neurosecretory odls of the brain produce a 
brain hormone that travds along axons to a structure called corpus cadiacum, 
which is atUcbed to the brain. From the corpus cardiacum, the brain hormone b 
released and carried to the prothoracic glands, which b stimulated to release 
ccdysone. Ecdysone b also called the moulting hormone or moult and maturation 
hormone because it promotes moulting and lend to spur the development 
process along toward pupation and adult-hood. During larval sUgc, the effect of 
ecdysone is countered by the action of juvenile hormone, secreted by corpus 
allatum. When juvenile hormone b secreted, the organism remains immature. In 
the last larval stage, however, juvenile hormone secretion decreases dramatically 
and the animal pupates and begins its transformation to the adult form. 

From an evolutionary point of view, it b interesting that some plants produce 
compounds similar or identical to ecdysone or juvenile hormones. Tbb apparent¬ 
ly protects the plants by dbrupting the development of insects that cat them. 



Fig 583 Coatrol of moati tad mcumoipkotl* 
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SCORPIONS 


The scorpions arc the oldest known terrestrial arthropods and they have been the fust members of this phylum to have 
conquered land. The scorpions are most common in tropical and subtropical areas except New Zealand and oceanic islands They 
are most abundent in the Gulf states and Southwest. About 800 species have been described some common genera are 
Palamnaeus, B mines etc. 


SYSTEMATIC POSITION 


Phylum 

Class 

Order 


Type 


Arthropods 

Arachnids 

Scorpionda 

Scorpion 


HABITS AND HABITAT 

Scorpions arc generally secretive and nocturnal, biding by day under stones and wood and in burrows in the grounds. But 
there arc species associated with vegetation. They are often found near dwellings. Scorpions arc popularly believed to inhibit 
desert regions, but although many dcserl species exist, they are by no means restricted to arid regions. Many scorpion species 
require a humid environment and live in tropical rain forests and similar jungle habitats. They are carnivorous and feed on small 
arthropods, especially spiders and nocturnal insects, cannibalism is also practised. These are solitary animals and never live in 
groups, all the scorpions arc viviparous and the females carry the young ones on their backs for some times, about a week. 


EXTERNAL FEATURES 


Shape and Size. The body is long, narrow and dorso-ventrally flatenned. The size varies from 3 to 8 cm. in lengthy The 
smallest species is the Middle Eastern Microbuihus pusillns which is about 13 mm. long. The largest one is African Pandmus 
imperator which measures about 18 cm. in length. The largest Indian species, Palamnaeus swwammerdami, grows to a length 
of about 15 cm. while Builues lamulus, a common species, reaches a length of nearly 8 cm. 


Colouration. The colour is variable, usually corresponding with the habitat of the animal which is generally blackish dorsally 
and slightly light coloured vrntrally. The species, which arc living in tropical jungles, arc of shining black colour, and the spe 
which arc found in the sand are pale-yellow in colour usually the dorsal surface is much darker in colour than those orthc 
surface. 


Division of body. The scorpion body consists of a prosoma or cephalotborax covered by a single carapace and a long 
abdomen or opistbosoma. 

(i) Prosoma . It is the broad Hat. anterior region composed of the bead and thorax which *"^^Tby the 
the fusion of a prcoral and six post-oral segments but only six are distinguished in the a u I ^ exoske|cU | p |ate. 

presence of six pairs of appendages on the ventral side Dorsally. the P'“ omlls “ v "' * J® |cft fronU | b y a median 
somewhat squarish in form. It is known as carapace. " c ’ d " , lon 8 g u, c co-lateral margin and in the 

notch. Two to five pairs of lateral eyes and a parr of median eyes can be d ' s ' n f u ' s *' lb e sternum, situated 

middle of the carapace. These are simple eyes. On lbe ventral surface there is a narrow Irrang 
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medially between the coxae of 3rd and 4th pairs of legs. 

A small mouth is situated on the anterior end of the prosoma 
towards the ventral side between the cephalic appendages. 

(ii) Opisthosoma. The prosoma is followed by a long opis- 
tbosoma. It is divisible into two parts: anterior mesosoma or 
preabdomcn and posterior metasoma or post abdomen. 

(a) Mesosoma. It consists of seven segments in the adult. 
Each segment of the mesosoma is covered by two firm cbitinous 
sderites tergum on dorsal side and sternum on ventral side. The 
(ergum and sternum of each segment are laterally connected by 
pleural membranes which are soft and flexible. The sternum of 
the first segment is small and bears the median genital aperture 
which is covered by a plate-like, rounded, bifid and movable 
genital operculum. The sternum of second segment bears a pair 
of comb-like pectines. A pectine consists of 3 jointed stem or 
shaft or handle bearing a row of 4 to 36 slender processes along 
the posterior border. The pectines are tectile organs. The sterna 
of 3rd, 4th, 5th and 6lh mcsosomal segments bear a pair of lateral, 
oblique, slit-like apertures known as stigmata. Each stigmata 
leads into the pulmonary sac. The sternum of last segment does 
not bear any appendage. 


(b) Metasoma. The slender metosoma or post-abdomen is 
often wrongly called a (ail. It is held upraised, arching over the 
back in a moving scorpion. It consists of five cylindrical seg¬ 
ments, each enclosed with in a complete cbitinous ring. The last n . M , 
segment bears the anus on its post-ventral side and a stinging 
apparatus or telson. The telson consists of a swollen base, the vesicle or ampulb, and 
a curved and pointed spine, the aculeus. It remains attached to the last segment by 
means of a flexible membrane. Inside the vesicle lies a pair of poison glands, the ducts 
of which open by a pair of minute apertures at the tip of the spine. 

The venom of most scorpions, although sufficiently toxic to kill many in- 
vetebrates, is not harmful to man. At most, the sting in equivalent to that of a hornet 
However, certain species exist that possess a highly toxic venom that can be fatal to 
man. Androctonus australis of the Sahara Desert has venom equivalent in toxicity to 
cobra venom, and ibis venom can kill a dog in seven minutes. The neurotoxic venom 
of scorpions is very painful and may cause paralysis of respiratory musdes or cardiac 
failure in fatal cases. 

APPENDAGES 

The ccpbalothorax bears 6 pairs of appendages, these are a pair of chdicerae, a 
pair of pcdipalpi and four pairs of walking legs. Of these the chdicerae are preoral 
and remaining appendages are postoral. 

(i) Chelicerae. The chdicerae are short but stout appendages. They lie dose 
together at the anterior end of the cephalothorax. Each consists of three podomere. 
The basal podomere is ring-like and concealed beneath the carapace. The middle and 
distal podomeres together form a grasping apparatus called the chda or oincer ft* 
holding the prey during feeding. The middle podomere is large, bears setae and k 
produced on the inner side into a conical toothed process that fontfs the immovable 


cheliccra 


ped.p.lp 



Scorpio* Don*I vkw. 


Pedrpdp 



Fig. 59.2 Scorpio*. Vealnl view. 
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finger of the chela. The distal of interal seg¬ 
ments is small, curved and toothed. It forms 
the movable finger of the chela. 

(ii) Pedipalpi Behind the cbeliccrae are 
a pair of powerful and clawed appendages 
called pedipalpi. Each pedipalp is made of six 
segments, viz., coxa, trochanter, humerus, 
brachium, manus and movable finger. The 
coxa is small and situated on the side of pre¬ 
oral cavity beneath the carapace. On each coxa 
there is a gnathobasc towards the mouth. The 
gnalbobascs of both sides serve as jaws, 
protruding in the preoral cavity and help in 
squeezing and crushing the body of the prey. 


movable finger 


femur 


^ochan ter 


co»» 



Scorpio* appendages. A—Cfeiliccn. O-Pedipalp. C— First walking leg. 


The trochanter follows coxa and is irregularly shaped having 
spinous anterior margin. At the right angle to longitudinal axis of 
trochanter, there is a stout and powerful humerus. The branebium lies 
above the numcrus and is directed forward and is provide with 
granular crests. The manus is longest segment and it forms a powerful 
chela with the movable finger which is movably articulated and help 
in siezing the prey. 

(iii) Walking legs. There arc four pairs of walking legs, attached 
to the cepbalolhorax. All the legs are alike and arc used for walking. 
Each leg consists of seven podomcrcs, coxa, trochanter, femur, 
patella, tibia, prototarsus and tarsus. 



ttloiiracum 


epioUMtum 


hypoitncum 


hypodermii 


b*»emen‘ 

membmne 


Fig 59.4 


Scorpio*. TS. of polio* ve»ick» with iwo poiioo of glaatf 
<od gljodata plicaU. 


The coxae of Island 2 nd pairs arc provided with forwardly, directed triangular maxillary processes or gnathobascs or endiles 

Coxae are very small, short, movable, except those of the fourth ,eg. which are longer. The coxae of the second pat, meet with 


patella! The taisus is a long subterminal segment In-between the tibia and 

daws^ned SI !mdTm aHcH nferioTclaws J^fc r io ^cUwsTre gc ncraIly injured and their ends are removed. 


BODY WALL 


The body wall consists of three layers: 

(i) Cuticle 

(ii) Hypodermis 


(iii) Basement membrane. ^ podermis. 

(i) Cuticle. The outermost layer is a brilliantly .^0 mWdlc'uyer. 'piosnac um and W 


..... layer is a brilliantly layer, '^.racun ,and <c> 

The cuticle is made up of three layers, (a) a „ canals which open ouls.de on the surface. In these 


openings arc loogco me oue. --/ o— 

(ii) Hypodermis. I, consists of. single layer of column., cells riled with p.gment granules. 
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(iii) Basement membrane. It is a (bin and structureless layer. 
The hypodermal cells rest on this membrane. 

Various kinds of projections are found on the cuticle: 

(a) Dermatidia. These are small chitinous proluberences on the 
chela. 

(b) Coelodermaiidia. They occur in the form of hollow projeo 
tions on the integument They form hairs, spines, bristles, 
spur and daws etc of tarsus. 

(c) Dermal glands. These are known as alveolar glands occur 
in the chelae, pedipalpi and telson. 



poison gland 


prosoms 


Glandula Plicaia. The males of some species of genus Fl *■ S9 - S Scorpio,. Eadoiicral* 

lypodtnnis forms . spcci.1 organ consisling of numerous longitudinal folds of 
cobotdal cpicbeliitm. These folds am longer in middle and lower at margins and are 

^.“n^n*" fOUnd 0n,y “ "W"* 4 * +* — "* *> 

ENDOSKELETON 

The endoskeleton of prosoma and mesosoma is present in the form of car- 
tilaginous plate called endostemiie. It is placed above the nerve cord and alimentary 
canal. It possesses apertures for the passage of the intestine and aorta. Its edges are 

BKEri* pOS,Crior : nd l " CT " for the anachment of musdes 

ntovements of appendages. Another similar skeletal pie« lies 
ventral to the nerve cord in the segment which bears pedines. Tbe body of endosler- 
UDI f ** Un< * ] y w,lh • chitinous plate, called diaphragm which possesses 
apertures for the passage of nerve cord, intestine dorsal aorta and musdes 

hv Th V C k °" e ° f musdci ,ie » in cepbalolhorax attached to it 

toot mtc'k l ° ** e " dos,crni,c * bove cord. In the pre-abdomen 

bZ of * >r * > ' ventral musdo 00 *c left and right of midgut. running 

from the dorsal to the ventral surface of the body. ^ 

DIGESTIVE SYSTEM 

The digestive system comprises the alimentary canal and digestive glands. 

'■ i~T u ,nd “■ F,t5,4 *•’*-**—* 

1. Pre oral cavity 

2 . Stomodaeum 

3. Mesenteron 

4. Proctodaeum 

set of rnusde which can roll it into a tube for sudung STfluid im^the phary^T '^ f ° Sln,m “ pTOVid “ wiu > 
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2. Stomodarum orfortguL It includes mouth, pbanynx and oesophagus and is lined 

internally by the cutide. 

(i) Mouth. It is a small narrow and transveise aperture just behind the preoral 
cavity. Only juices and pulps can enter the narrow mouth. Mouth leads into 
pharynx. 

(ii) Pharynx. The pharynx is a large, pear-shaped and muscular structure situated 
obliquely below the mouth. Due to the presence of several bundles of muscles 
radiating outwards from pharyngeal wall to the wall of the cephalothorax. its 
walls are highly elastic and capable of great dilation. The muscles serve the 
pharynx to act as a sucking organ so that the liquid food is sucked in through 
the mouth. The pharynx is followed by oesophagus. 

(iii) Oesophagus. It is a short, narrow tube that passes through the nerve ring. The 
oesophagus extends into the midgut to from the sieve valve which prevents Fig. S9.7 
regurgitation of food. It leads into stomach. 


roansn 



carapace 


pedrp.fp 


preor*) c*viiy 


mailUfY t*oc*m* «« 
Ini and tecood p*ra ol I 

Storpion. IS. Ihroogh preoral cavlly. 


3. Mesentron or midgut. It includes stomach and intestine. These are lined with epithelium, 
salivary gland but Blanchard and Pavlovsky called it stomach gland. 

- ssssssas 

These tubules arc excretory in function. 

* 

apparatus. • 

tt Digestive glands. There are a pair of stomach glands and a lifR* hcpatopancrcas. 

(i Xu.cr*.W.. U . *un«. ope- to u,,u,«.a,..*e pepsin. Hp««. 

eraspin etc. ia^tnn*l 

(H)Hepo,opancr t as. It is . Urge, brownish and 1 obviated gUnd occupy the "^Cd^dTn"^ Tie'wall' of‘the lobules b 
longitudinal groove in wbicb lodges the heart. Intesune lnd . pcn.oneal covering. Two types of cells 

composed of a layer of epithelium arranged on ato r "' m ^ nc “' £ (crmc „, cells. Hepatopancreas sends 5 pans 

are found in the epithelium (a) large numerous absorptive cells and (b) lewer sm. 

of ducts open into the stomach. (Kd upon 

Food and feeding. Scon>ions are carnivorous and f**MJJ* “being P*"'^ *'*** 

ifthe preyitulge. ^X.lp.'^-be Sp“«y to 

(about 6 months). divested by the secretion of certain 

Digestion. Inside the preoral cavity the food is £>e food is reached to the stomach in partly 

alveolar glands wbicb are present in the maxillary pr stomac b JUnd Tbe secretion contains pepsin, ereps 

sent to the intestine where water and remaining digested food mate 
from where it goes out through the anus. 
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CIRCULATORY SYSTEM 

In scorpions, the circulatory system is open type. It consists of: 

I. Heart 

II. Arteries 

III. Sinuses 

IV. Pulmonary Veins 


V. Blood 

I. Heart. The heart is an elongated and muscular 
tube of a faint greenish colour. It lies in the pre-ab- 
dorainal region, just beneath the terga, in a deep median 
dorsal groove of the heptopancTeas. The heart is divided 
from outside into seven chambers by shallow 
transverse constrictions. The heart has seven pairs of 
dorso-latera! and valvular apertures or ostia, each 
chamber possessing one pair. 

The heart lies suspended by meansof ligaments in 
a thin-walled, membranous sheath, the pericardium. 
Ligaments divide the pericardial cavity into four com¬ 
partments: one dorsal, one ventral and two lateral. 



II. Arteries. The heart is continued anteriosly as S9 * Stcrpi»m. cirt.Uk.ry »y utm. 

interior M .nd posteriorly »s posterior .oitt. A series of psired Inter.! systemic .neries .re .Iso given off from the hart 

1. Anterior norm. From .nterior »om . p.ir of visceral arteries .it given off to Ore hep.top.nocs .nd the Intestine. After 
piercing the duphugm .1 «p.nds ,o form . sm.ll dumber behind the bain. The .rteries to .11 the ccplulic .nd lhor.dc 
.ppend.ges .,e given off from tbi. dumber. I, .Iso gives off . p.ir of ventro-l.ter.1 .rteries which comes round die 

Sf“g"no U ft ^7 ™ " ,t ' y — W “ d ■ bOVt * “'<> - applies 

2. Posterior aorta. It is .Iso known ., cud.! .rtery .nd .rises from the posterior end of the h«rt It lies on the dors.l side of 

intestine and supplies blood to the intestine, musdes. teJson etc It ends in poison glands. r™ 1 

3. Systemic arteries. A systemic artery is given off on either side of each chamber of the heart Tbev ramifv to form . 

and supply the blood to different organs found in the abdomen. * * o form a networks 

in. Sinuses. The ultimate branches of artertb open into blood soaces or t.om .#1 

lacumae is collected into five larger sinuses. Out of these, a pericarditis surrounds the hr. ft VlS< ? n ' nc J> Ioo<1 from ^e 
sinus, two lateral sinuses are present on lateral sides and a large ventral sinus is situ^on 

V. Pulmonary vtfas.Tbe oxygeatated blood from each book-bag it carries by a pulmonary vein to the pericardial sinus 

VL Blood. The blood of scorpions b slightly bluish due to the mtninfaww „ . 

cont. in. m..y .udccd coipiuda. Kood .unspom food, oxygen embon " 

Course of circulation. With the contraction of the ligaments, the cavitv «r . 

passes on to the heart through ostia. Now the heart contracts ft<T«tia are ? ** Wood of sinus 

thebody through the anterior and posterior aoitae and the systematic art b pUmped to vtrious o»B«ns of 

where the blood is sent to the book lungs and is oxygenated. From book 1 lmpurc blood “ collected in ventral sinus from 
pericardial sinus from where blood enters the heart through ostia. PQrC blood * arrics b Y pulmonary veins to 
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HEART 


ARTERIES 


OSTIA 


BLOOD LACUNAE 
AMONG VISCERA 


PERICARDIUM 

DORS EL 
LATERAL* 

PERIVISCERAL 

SINUS 

PULMONARY 

VEIN 

l 

BOOKLUNGS 

t 


VENTRAL 

SINUS 


Chart Showing Course of Circulation in Scorpion 
RESPIRATORY SYSTEM 

The respiratory org.ns in the scorpion .re bookings. V* m fl££tsidc by . .X* di'- «** 

the ventro-l.tcrsl sides of 3rd. 4th. 5th «d 6th ■Mom-il segments. End. book lung pc 

aperture called stigmata. * 

The book lung is distinguished into two p.rts(i)Atri.l dumber .nd(ii) Pulmocry 

chamber. 

and dorso-venlrally compressed ^ndcon • P of .trial chamber 

stigmata. There is a row of small pores called osU. m m these 

communicates with the inter,ameU.r spaces of the P—"* ** 

ostia. *■ 

“HSSSglSSSHi 

edges and thus enclosing interiamcllar spaces filled 
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air. The interlimellar air spaces communicate with the atrial chamber through ostia. 

Blood supply. The deoxygenated blood is sent to each book-lung from the 
ventral sinus by diverticulum, from where the blood gels filled in the intralamellar 
spaces of the lamellae. The aerate blood from each book-lung is drained by a 
pulmonary vein to the pericardium. 

Mechanism of respiration. Air is drawn into and expelled out from the 
book-lungs by the action of dorso-ventral and atrial muscles. Contraction of these 
musdes compresses the book-lungs this expel Is out the foul air of the interlamellar 
spaces into the atrial chambers and than to the outside through the stigmata when 
these muscles relax, the pulmonary sac regains their normal shape as a result of 
which the fresh air rushes the atrial chambers through the stigmata and then fills 
the interlamellar spaces. 


aifma 




toaUmeUtf 




with blood 
P ub **U/y 


o«a 

•trial 

dumb* 


The lamellae contain deoxygenated blood and are surrounded by fresh air. Thin ^ 
walls of the lamellae permit the exchange of gases by diffusion. The blood takes ' s 59,10 Se * r r dom vs. of book i.»» 

up oxygen from air and gives up carbon dioxide to the air. The oxygenated blood and befouled air art then replaces and process 
is repeated. 


EXCRETORY SYSTEM 

The excretory system of scorpion consists of 

(i) Malpighian tubules 

(ii) Coxal glands 

oudci 

(iii) Hepatopancreas 

bast 

(iv) Nephrocytes 

Fif.S9.li 

(i) Malpighian tubules. These are one or two pairs attached to the junction 

of mesenteron and bindguL They Boat in blood from which they eleminate U 
nitrogenous waste material and discharge it into the alimentary anal for eiemina- f 
lion with the faeces. U 

(ii) Coxnl glands. A pair of coxal glands is situated near the base of the Sth [.V 

walking leg. Each consists of thrpe parts: a large saccule or end sac, a long coiled L\ 
duct or labyrinth and a small terminal bladder or resenior. The bladder opens \ * 
outside by means of a minute pore situated on the posterior surface of the coxa of V 
the fifth walking leg. ' \ 

The coxal glands of scorpion are considered homologous with the antennary 
glands of prawn. The saccule and tubule of each coxal gland collect excretory , 
nitrogenous wastes from blood and pass it out side through the excretory pore. 

Urate crystals are noticed in the saccule. 


sin 




Peritoneal iheath 


1 Scorpio TS. <rf MalptgkUa abate. 


bladder duj*™** 1 




(iii) Hepalo pancreas. Acconitag lo Pavloniy ike fccp.iopucre., of sco,- H*„. 12 .w. 

pions also serves as an excretory organ. According to him if ammonium carmine 8 

is injected in the body cavity of scorpion is collected m the form of small, bright, red granules by the colls of hepatopancreas. 

(iv) Nephrocytes. Urge nephrocytes and lymph tissue organs, reenl br^th .k. 

excretory as well as phagocytic in nature. ^ ^ W * J1 ‘ n mesosoma, are both 


excretory 










cup are several longitudinal optic rods called 
rhabdomes associated with retinal cell or 
retinulae. The retinal cells receive nerve fibres. 


2. Pectines. These are a pair of comb-like structures 
borne on the sternum of 2nd preabdominal segment. 
Their process have many sensory cells. They are fertile 
organs. They are also considered to be sensitive to the 
ground vibrations and changes in humidity. 

It is also regarded that scorpions have some precep- 
tion of sound. In some species of scorpions stimulating 
orgahs are found on the coxae of pcdipalpi in the form of 
ridges, across which file-like surface can be drawn to 
produce some sort of sound. 

REPRODUCTIVE SYSTEM 

The sexes are separate. Externally male and female 
are alike but they can be distinguished on the basis of 
following characters: 

(i) The female is generally larger than the male. 

(ii) The abdomen of female is broader than that of 
the males. 

(iil) The pcctines of female arc smaller than of male. 



Fif.S9.16 Storptem. A— Mik reproductive orgaaa, B—A (pens. 


lotlicka rni ii—lf 
devdopiaf cnfcryoe 


(Iv) The pedipalpi of female are smaller than those of male. 

I. Male reproductive system. The male reproductive system comprises. 

1 . Testes 

2. Vasa deferentia 


3. Seminal vesicles 


4. Accessory glands 


5. Genital chamber 

6. Paraxial organs. 



1. Testes. A pair of tests are long mesh-like structure which lie embeded 
in the bepatopanaeas from 3rd to 6lh segment of mesosoma. A testis 
consists of two slender longitudinal tubules connected together by four 
transverse tubules so as to form three squares. Each tubule is lines with a Fl *' 5917 Scor J* ,m - P*"* rtprxtocttve orjm. 

layer of germinal epithelium. The cells of epithelium divide to form sperms which are filiform and motile. 


2. Vasa deferentia. Anteriorly, a small thin duct arises from the other end of each testis It runs forward and 
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4. Accessory glands. Four pairs of accessory 
glands arc associated with the male reproductive 
gans. These are: 

(a) Dorsal annex glands 

(b) Ventral annex glands 

(c) Oval glands 

(d) Cylendrical glands 



Fig. 59.18 Scorpio*. Diverticulam of ovarita lobule. 


opemng 

apparatus 



wing like 
opening levea 


Fig. 59.19 Scorpio*. A spennalophore. 


The fluid secreted by all these glands collect in the terminal ampulla 
and helps is reproduction. 

5. Genital chambers. The genital chambers are confuted to the first and 
second mcsosomatic segments. They extend obliquely towards the middle¬ 
line and open into the common genital chamber which opens out by means 
of male genital aperture which is situated on the ventral surface of the first 
mcsosomatic segment and covered over by the genital operculum. 

6. Paraxial organs. Each genital chamber is produced behind into a 
paraxial organ which contains a tightly-fitting cbilinous rod. the flagellum. 

The structure of the flagellum varies in different scorpions. It is provided 
with many spines and a longitudinal groove on the inner side. The two 
flagella together form the so- called double penis of the 
scorpions and they are said to evert out through the male 
reproductive aperture to serve as daspers during copula¬ 
tion. 

II. Female Keprocutive Organs. The female reproduc¬ 
tive organs comprise: 

1. Ovary 

2. Oviducts 

3. Common genital chamber Fig. 59.20 Copalatfoa it Scorpio**. 

1. Ovary. There is a single ovary in scorpion which extends from the 3rd segment to the 6th segment of the mes<Moma. It 
remains embeded in the hepatopancreas. It consists of three long and narrow tubules called ovarioles. Of them the middle one 
is smaller and called median ovariole. The other two are long and present on the lateral sides and called lateral ovanoies.AU 
ovarioles are connected with each other at four places by transverse connectives giving a ladder like appearcnce. All the o 

and transverse connectives are lined with germinal epithelium, the cells of which divide to form ova. Many o' °»' 
structures, called follicles, arise from the ovarioles and the transverse connectives. Each follicle * mi,e up0 [^£P* develowpent 
swollen part, the base and a narrow distal part, the appendix. The tip of appendix enlarges to form the b • 
of embryos takes place within these follicles hence they are considered equivalent to the uteri of other animals. 

2. Oviducts. A pair of tubes, the oviduct, starts from the anterior ends of the lateral ovarioles. These extend forwards for a 
short distance and then converge to open into a median sac. the genital chamber. 

3. Genital chamber. The genital chamber is situated in the first mesomatic ^ c J™ L ,, ° P ^ i ° U | , S ^^ U m C ****** 8Cn,Ul 
aperture situated on the ventral side of first mcsosomatic segment being covered by the bifid genital operculum 

Spermotophore. The sperms are transferred to the female by means of a 
stalk. The spermatopborc bears a wing-like lever at its free end. Connect to c: ever i : ^ |he femJ | c gen ital 

opening apparatus. As the lever is pressed the opening apparatus is released and the spe gg 
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Copulation and fertilization. Fabre bas described the mating habits of scorpion. Male and female face each other, ralae 
their postabdomens high into the air, and move about in circles. The male then holds the pedipali of the female with hia own 
peidpalpi and both interwine their postabdomens above them. They now walk together forward and backward and In rings. While 
moving in a ring, the male retreats, dragging the female after it Courtship may last for hours or even days. Finally, the male digs 
a burrow and both enter it and mate. The male is often eaten up by the female after mating. Eventually the male deposits a 
spermstophore, that is attached to the ground. The male manoeuvres the female so that the genital area is over the sperma tophore. 
The sperms eoter into the female orifice and fertilization takes place. The Indian scorpions breed during monsoons. 

Development Development takes several months or even a year or more. The scorpions are viviparous and the mother gives 
birth to two or three dozens of young ones at a time. The egg is oval or spherical which is rich in yolk and is surrounded by a 
thin membrane lies in a follicle that arises as outgrowth of the walls of the ovariole or transverse connective. 

After birth the young ones are carried by the mother scorpion on her back for some days till they can care themselves. Young 
ones moult several times before they grow into adults. Young ones than leave the mother and then become independent 
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PERIPATUS 


Peripatus or the "walking worm" belong to the small phylum Onychopbora. Its position has been controversial in some 
texts Onychopbora has been ranked as class where as in other as subphylum. In modem texts it is treated as a separate phylum 
that includes only about 70 living species. It has characteristics of both the Annelida and Arthropoda and is referred to as the 
"connecting link". 

Historical account 

Phylum Onychopbora is represented by a single genus, Peripatus which was wrongly placed in phylum Mollusca by Guilding 
(1826) because of its slug-like appearcnce. But soon after the discovery of tracheae in the animal by Mostly (1874) it was 
classified as a class of phylum Arthropoda. Sedgwick has given a monograph on Peripatus. 

Geographical Distribution 


Peripatus is practically having its wide range of distribution both in tropical and subtropical areas. As it is shown in the table 
below, it is one of the best example of discontinuous distribution. 


No. 

Geographical distribution 

Nomenclature 
given by Sedgwick 

Name 

No. of 
species 

1. 

Maxicoand W. Indies. 

Neoperipatus 

Peripatus 

29 

2. 

W. Africa and Congo. 

Congoperipatus 

Mesoperipatus 

1 

3. 

Malaya 

Eoperipatus 


4 

4. 

S. Africa. Nclal to Cape Capoperipatus 

Periperipatus 


7 

5. 

Malaya Penninsula 

Malayan Peripatus 

Peraperipatus 

1 

.6. 

7. 

Australia. Tusmania. 

New Zealand. 

Austroperipatus 

Parapaetoides 

1 

1 

8. 

Chilli Island ChUoperipatus 

Chiliperipatus 


9. 

Foot bill of Himalayas 

Yphelloperipatus 

_— 


HABITS AND HABITAT 

Peripa.us is exclusively , .ereesuisl sod w.lking fen* snd .iviog in denp lexf moulds. b.rks of ««s. unde, d* s,o„«. logs 
and in the cervices of rocks, but not in salt water medium. 

They are nocturnal in habit, usually they come out at night for 
out a glue-like substance from openings on either side of the mouth. Small animals sucti cn 

entangled in the sticky glue. 
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Fig. 60.1 Ptripaus. 


EXTERNAL FEATURES 

These individuals possess a reddish colour on the ventral 
side, while darker hues on the dorsal side. The body is cylindri¬ 
cal^ elongated, bilaterally symmetrica] and small. It measures 
1.5 -15 cm in length, according to species. The skin is velvety, 
and thrown into transverse ridges bearing number of wart-like 
papillae furnished or armed into chitinous spines. Externally 
the body is not much marked segmented but each possess a pair 
ofappendages. 

First three segments form bead, which is not distinct It bears 
a pair of segmented antennae, a pair of eyes situated dorsally. Mouth 
is midventnlly situated bearing a pair of small horny jaws sur¬ 
rounded by a circular lip or circumoral fold and a pair of blunt oral 
papillae on either sides. Each oral papilla bears an aperture for slime 
gland which produce a sticky glue-like secretion for catching prey. 

A secies of short, stumpy, conicasl legs arise ventro-letenlly 
from the trunk. AJI the appendages are alike but for the last 2 or 3 
are reduced. Their number varies from 14-43 pairs from one species 
to another. Each leg is short, unsegmented having tubercle and spiny 
pad on the ventral side. Each leg is hollow with terminal foot bearing 
a pair of curved claw. 

Genital opening always lies infront of the anus which is situated 
at the posterior end of the body. 

BODY WALL 

The body wall is of annelidan type so the skin is formed of three Fl . w 2 
layers, cuticle, epidermis and dermis. The exoskeleton is absent 
The cuticle is thin flexible, chitinous and waterproof covering. It 
bears numerous velvety processes. It is secreted by cubde. Beneath 
the cubde is a single layer of epidermis, a thin basement membrane. 

The dermis is made up of connective tissue and their is a complex 
musculature composed of circular, longitudinal and transverse 
musde layers. Beneath dermis is epithelial layer which lioes the 
coelom or body cavity and invests the contained organs. By means 
of incomplete muscular partibon the body cavity is divided into a 
median and two lateral compartments. 

DIGESTIVE SYSTEM 

The alimentary canal is simple and straight as in an anndid but 
the buccal cavity is formed secondarily by the union of a papillary 
nng and folds surrounding the true mouth into a circular lip. It 
contains a tongue and the jaws. Into the posterior end of buccal cavity 
there is a median opening of salivary glands. The sal tvary glands are 

elongated, narrow and tubular, representing modified nephridia Buc¬ 
cal cavity follows a thick, muscular pharynx. Pharynx is followed by * 60-3 

Pb,8US * Wide mid * ul “ d * ■ sbon «" ” «*.. n. rcetan op** o„> (trough & uus . 

A pair of elongated and branches slime glands are present in the tw. 

* glue-like adhesive substance which hardens on contact with the air This vm.ti OP ? f” ^*** ofo^,, secrete 

secrebon helps in catching the prey. Digestion is 
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intcr-ccllular takes place in inidguL 

CIRCULATORY SYSTEM 

The heart is an elongated muscular, mid-dirsal. contractile tube 
lying in the pericardial sinus. It is open at both the ends and bears several 
pairs of lateral ostia. Blood flows forward into various organs, there are 
no blood vessels to return the blood. The blood in collected into various 
sinuses and than pass to the heart 

RESPIRATORY SYSTEM 

The respiratory system has delicate unbranebed tracheal tubes 
internally lines by thin cuticle. These tubes expand in transverse plane 
through out the body and open externally by small pores called stigmata 
or spiracles. The stigmata lie in little dipcessions of the integument the 
tracheal pits. The number of spiracels varies from species to species, 
through these the air is drawn into the body. 


Peripalus 
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Fig. 604- Ptripam. Section of akia. 


segi^u'lyinii^ "'o * “‘to* lub *- 11 op *“ b> 

nephridiopore situated at the base of leg. 

Internally it opens into colemic sac by a 
ciliated funnel. The bladder is originated 
from the ectoderm and the rest of the part 
from mesoderm. Other than nephridia there 
are coxal or crual glands lying in the lateral 

component of the body cavity whose ducts ** 

open on the lower surface of the legs just ' 
outside the nephridiopore. These glands 
are absent in females. The Peripatus is 
uricotelic, excreting chiefly uric acid an 
nitrogenous waste product. 


NERVOUS SYSTEM 



Fig. 60 S fenpoiui ikowisg iattiail orgj*. 


The nervous system is primiUve and is . - 
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REPRODUCTIVE SYSTEM 
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open into bulb-like slniclurt, tbe seminal vesicles. 
Each vesicle is followed by vas deferens. The vasa 
deferenlia are coiled structures and both unite to 
form an ejaculatory duct. The ejaculatory duct 
opens out through male genital pore. In connection 
with the reproductive system are aural glands found 
on all the legs except the first and are better 
developed in males. Tbe sperms are glued together 
in ejaculatory duct to form spermatophore. The 
gonopore lies between the last pair of legs on ventral 
side. •p-'Ktc 


(ii) Female reproductive organs. It comprises 
a pair of tubular ovaries, a pair of oviducts and two 
long uteri. Uteri unite behind into a median vagina 
opening into genital pore. Some species may have a 
seminal receptacle connected with the uterus and 
communicating with a funnel shaped reccpticulum 
ovorum embracing the ovaries. In oviparous forms 
a long ovipositor is formed from tbe vagina. 
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Copulation. The real process of copulation is 
not yet observed and nothing is known about sperm enterancc so far. The 
fertilization is internal sperms are not found in the uterus and oviducts so it 
appears probably that they reach directly to tbe ovary by boring through the 
skin or traversing the body cavity. Mostly they are viviparous but a few are 
oviparous. In viviparous forms embryos receive nourishment from the uterine 
wall through a placenta or they develop at the expanse of yolk. Oviparous 
forms lay eggs with advanced embryos. The young ones are alike to their 
parents except in size and colour. So that the mother does not appear to pay 
any special attention to ha young ones, which wander away and get their own 
food. 


AFFINITIES 

The Pcripatus is very important horn the zoological point of view because 
it displays some characteristics of annelids and some charaaeristics of 
arthropods along with some specialized features of its own. Because it shares 
the characters of two phyla, it is considered to be a connecting link between 
the two phyla showing that arthropods have arisen from annelids. 


Ubyriruh 



I. Resemblance with annelids 
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1. Body is veraifonn, with truncated extremities. 

2. True bead is absent 

3. Body wall consists of a thin cutide beneath which presence of circular and longitidonal muscles. 

4. Eyes alike and simple. 

5. Like the parapodia of annelids, the hollow, stumpy legs which are tbe extensions of tbe body wall. 

6. Straight and simple alimentary canal. 

7. Nervous system is primitive, originated from ectoderm. 


Peripatus 
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8. Paired nepbridia which arc segmentally arranged. 

9. Cilia are present in excretory and reproduction ducts. 

II. Resemblances with arthropods 

1. Antennae arc present 

2. Jaws are nothing but modified appendages. 

3. Locomotion by definit legs, having definit musculature and provided with 
claws. 

4. Haemococlomic condition is present similar to arthropods. 

5. True coelom is reduced to the cavities of excretory and reproductive organs. 

6. Respiration by tracheae. 

7. Presence of peculiar salivary glands which are modified nepbridia. 

8. Cuticle has thin cbitin deposition. 

9. Structure of reproductive organs and development mainly artbropodan type. 

10. The dorsal tubular heart communicating with pericardium by lateral ostia. 

11. Absence of perivisceral section of coelom. 


ID. Its own Characters 

Peripatus exbabit certain characteristics of its own to 
recognize it as neither an annelid nor an arthropod. 

1. Absence of external segmentation of the body. 

2. Valvety and soft nature of skin. 

3. To some extent the antennae of Peripatus can not be 
homologous to that of other arthropods. 

4. Nature of 3-scgmcntcd head serns to be mid-way of 
arthropods (head in made up of 6 segments). 

5. Restriction of jaws to a single pair. 

6. Quite unevenly distributed spiracles and tracheae. 

7. Absence of true ganglia, but separate two ventral nerve 
cords. 

8. Difference in the distribution of reproductive organs. 

9. Structure of eyes is less complicated. 

Taxonomic Position 
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With the peculiar nature and some annclidan characters it »PP«** *** ?J^^^T^ified for locomotion on the land 

originated from the marine rest of the arthropods, ye, it has been kept under phylum 

without jointed appendages. It seems to be entirely 0 

Artbropoda. giving i, an separate class rank. _ tlim .hlv without 

According to Lankester( 1904). of aquatic region, the Hyparthropoda (a bypothet.cal unde in grou 


Peripaius 

pie oral segments) were the first to appear and from these arose 
the protarthropoda with one pre-oral segment, a terrestrial dis- 
ccndent having survived as Peripaius. 

According to Menton (1950-52) linkage of this group 
Onychophora with two phyla will not be probably evidence of 
simplification and moreover, the habitats of Onychophora 
provides ample reasons for the persistance of flexible body wall, 
leg like jaws together with the eloboration of a subcutaneous 
connective tissue instead of cuticular scutes. 

According to Snodgrass (1938) the Onychophora and 
marine Aysheaia are possible discendantiy from an ex line! group 
of marine lopopod annelids and they may have no intimate 
relationship with trilobite cheliccrale of precambrian arthropods. 
Onycbophore bears chilinous mandibles which only might be 
preserved as fossil nothing of other parts known so far due to its 
soft nature. 

No doubt the Peripaius is a living example and strictly 
(erTestrail, and the only fossil refered to the class have been 
quesationed. Of these Aysheaia from middle Cambrain is the best 
known fossil. It was a marine form, probably devoid of tracheae. 
Moreover, 10 pairs appendages but these bear with 6 claws, 
while the recent onyebophores bear only two claws on 
their legs. It seems obvious that this Aysheaia may 
represent a very primitive onyhopborc which is more 
closer to the annelids than the arthropods. 

Apart from that it must have been derived arebian- 
nelidian stock because of the ventral nerve cords were 
primitive, widely separated conditions or it may more 
be coned to say that the present day annelids and 
Peripaius have got their origin from a common ancestor 
from which they independently evolved. 

It is due to because that common features appeared 
between the onyebophores and present day annelids are 
similar, being evolved from common ancestral slock in 
which such characters were probably present 
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Common ancestor of 
Onychophora and archiannelids 


modem 

arthropods 
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Archiannelids. 
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However, according to modem concept (based on 
Barries, Marshall and William) this group was more 
wide spread and diversified.The view is supported by w«» 


A ~F«Mle reproductive tyucm of Ptnpea* uiaitadr, 
••d B Loigjrediul accdoa ikroegh bare* copaUulx 
(•/ter Gtffroo). 
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CHARACTERS & CLASSIFICATION OF MOLLUSCA 

Members of the phylum Molluscs are among ihe most conspicuous invertebrates and include sucb familiar forms as 
clams, oysters, squids.oclopods and snails.during the Iasi 18tb and 19ib centuries, when natural history, occupied the tune of 
many well to do gentlemen, shell collections were as popular as today.sucb collections often containing spc dctgalh etedfrom 
various parts of the woild, have contributed considerably to our knowledge of the phylum. In abundance ofspectcs. moUuso 
comprise Ihe largest invertebrate phylium aside from the arihropods. Over 100,000 living specs have been described. In 
addition, some 35,000 fossil species are known. 

Tbe term Molluscs (L. mollis = soft) mean soft bodied and for the first time coined by 
Animalium to describe various kinds of cepbalopods and gastropods, tbe term Molluscs was used by7o«ron(1650) to include 
cepbalopods and Barnacles. 

The classification of Molluscs divided into the five dasses-Amphineura. Gastropoda, Lamcllibranch.a and Cephalopoda, 
by Laseneer (1992) bas remained standard ever since. 

CHARACTERS 

1. Some are aquatic, mostly marine, a few fresh water and some terrestrial forms. 

2. Symmetry bilateral, viscera and shell coded in Gastropoda and some Cephalopoda. 

3. The body is triploblastic made up of 3 germ layers. 

4. Body without any appendage and segmentation. 

5. Body skin single layered mostly ciliated and with mucous glands. 

6. Bod, usual., small and sofi and enclosed in an «n velop. die M* that secretes shell of various shape and sires. 

7. Generally the body is divided into 4 parts, the visaral mass cmytaftbe ^“^^“pto^^thifoot a muscular mass. 

covering the entire animal. 

8 Shell, when present, usually univalve, consisting an cxoskelelon. internal in some. 

9 . Coelom reduced and represented main,, by pericardia, cavity, gonad,. -*T.omoat 

I, Blood vascular system consists of dorsal heart with 1 or 2 auricles and 1 ventricle and ^ 

,2. Respiration by genera, body surface o, mantle or b, one to many gills or a lung ,n 

13. Excretion by paired melanepbrid.a (kidneys). dra . me „,cric ring. 

,4. Nervous system of paired gangl,, connectives and nerves. Ganglia usually form a arcumen 

,5. Sense organs include eyes, statists and receptors for touch, smell and taste. 
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16. Sexes are usually separate (some hermaphrodite a few protandric); gonads2or I with ducts; fertilization external or internal. 
Mostly oviparous, few viviparous. 

17. Development direct or interrupted with larval, stage, the veliger larva of mollusca. The asexual reproduction is completely 
absent. 

Phi yum Mollusca is divided into six classes. Moooplacopbora, Amphineura. Gastropoda. Scaphopoda. Pelecypoda and 
Cephalopoda. 

CLASS 1 MONOPIACOPHORA 

1. Abyssal or fossil, from lower Cambrain to Devonian, probably carnivorous. 

2. Bilaterlly symmetrical and metamerically segmented, but segmentation internal. 

3. Shell dorsal and consoling of a single piece (hence Moooplacopbora). 

4. Mantle covering the dorsal surface of body. 

5. Foot is ventral with a flat creeping sole. 

6. Mouth is anterio-median and the anus is postcrio-median. 

7. Head is without eyes. 

8. 5 or 6 pairs of gills cxterally and serially arranged. 

9. Six pairs of nepbridia and two pairs of gonads. 

10. Stomach contains a crystelline style and the animal feeds on radiolarians. 

11. Nervous system primitive, lacks ganglia. 

12. Sexes are separate. 

13. Development is indirect with a trochopbore larva. 

Example: Neoplina galatheae. 

CLASS II AMPHINEURA 

(Gr, Amp/ir= both; neuron= nerve) 

1. Most primitive molluscs with citlc, dong.,*! ,„d vemt-fono „ <lorsovcnu.ll, Penned hod,. 

2. Head indistinct and without eyes and tentacles. 

3. Foot broad, flal^ole-like and ventral in position. 

4. Shell and mantle covering the body from dorsal and lateral sides. 

5. wopsiss of gills situated laterally in tbe paOlil cavity on cither side 0f fool TSey may be reduced to one pair. 

o. Mouth and anus at the opposite ends of body. 

7. Nervous system primitive and ladder-1 ike with or without ganglia. 

8 . Heart with one or two auricles. 

9. A pair of nepbridia connected to the pericardium. 

10. Sexes separate or united. * 

Class Amphineura is divided into two orders: 


Order - /. Apiacophora 

1. The body is long, nanow. worm like. 

2. The shell is absent 

3. Mantle containms tiny calcareous spicules. 

4. Foot is reduced or absent 

5. Heart consists of a single auride and a ventricle. 

6 . Gills are absent or reduced to a pair located in the cloacal cavity. 

7. Alimentary canal is straight without redula. 

8 . Nervous system with a distinct brain and ganglia. 

9. Sexes united. 

Examples: Chactodcrma t Neomen'uL 
Order - 2. Polyplacophora 

1 . Body elliptical, convex dorsally and Oatenned ventrally. 

2. Shell dorsal and formed of eight calcareous pieces. 

3. Mantle with spicules disposed along the margins. 

4. GUIs 6 to 8 pairs, present in the pallial groove on the lateral sides of foot 

5. Head devoid of eyes and tentacles. 

6 . The whole ventral surface is occupied by the broad and flat foot 

7. Alimentary canal is coiled with well formed redula. 

8 . Heart with two auricles. 

9. Nervous system without definite ganglia. 

10. Sexes separate. 

Examples: Chuon,Chaciopl*ura. 

CLASS -III- GASTROPODA 

(Gt. Gastros ■ stomach; podos s foot) 

1 . Body is asymmetrical with a mantle and shell. 

2. The shell is univalved and spirally colied. 

3. Head is distinct bearing tentacles, eyes, and a mouth. 

4. Foot is ventral and muscular. 

5 . Visceral mass usually coiled exhibiting various types of torsions. 

6. Anus usaully situated anteriosly close to the mouth. 

7. Buccal cavity contains an odontopbore with a redula. 

8 . Respiration is carried on by integument or gUls or lungs- 

9. ChotaMy sy»ltm open type with dorsal bc*rt enclosed in periertium. 
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10. Excretory system indudes one or two kidneys or nepbndia. 

11. Nervous system contiins distinct certW, pleural. pedal, parietal ..<1 visceral gtaglU. 

12. Sexes are separate. MosUy oviparous, a few viviparous. 

13. Development indirect with veliger and trocbopbone larval stages. 

Cliss Gi&liopodl U divided into .tree .utxUssa. Pr«obr.ncbi., Oputhobnucbi. >nd Pulmowu 

SUBCLASS (A) PROSOPBRANCHIA (STREPTONEURA) 

1. Tbe visceral n«ve commissures .re twisled mlo . figure of 8, bence rbe nsme slreptooeum (Gr. srrep/os - curved^™-. 
■ nerve). This is due to torsion. 

2. The mental cavity containing the pallial complex opens anteriorly. 

3. The gills or clenidia, if present, lie in front of the heart hence prosobrancbia. 

4. Head has a single pair of non-retractile tentacles. 

5. Calcarious shell with an operculum. 

6. Sexes are separate. 

7. Exclusively marine. 

. Subclass Prosobrinchia is divided into three orders: Archaeogastropoda. Mesogaslropoda and Neogaslropoda. 

Order - l.Archaesogastropoda (Aspidobranchia) 

1. Due to incomplete atrophy of organs, the kidneys, aurides. nephridia and clenidia are paired. 

2 . Clenidia are bipectiante or plume like. 

3. Ospberidium poorly developed. 

4. The nervous system is little concentrated. 

5. Gonad opens into the right kidney serving as gonoducl 

6. Fertilization external. 

The order has been distinguished into the following two subroders: 

Surborder (i) Docoglossa 

1. Shell and visceral mass conical. 

2. Ctenidhim single or absent or replaced by secondary gills. 

3. Radula with three marginals on either side. 

4. Auride single. 

Examples: Patella, Acmaea 

Surbordeti ii) Rhipidoglossa 

1. Shell spiral. 

2. Clenidia paired. 

3. Radula with numerous marginals. 

Examples: Haliotis, Fissurella, Trochus. 
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Order - 2. Mesogastropoda (Pectinibranchia) 

1. These arc advanced snails with complete atroply of the left side so that usually unpaired auricle, nepbridium, ospheridhim 
and ctcnidium occur. 

2. Ctcnidium monopcctinatc or comb-like, attached to the mantle throughout its entire length. 

3. Edge of the shell opening lacks a sipbonal notch oor canal. 

4. Foot may be opcrculate. 

5. Ospberidium pectinate and well differentiated. 

6. The nervous system b concentrated. 

7. Gonad has its separate duct and opening. 

8 . Fertilization internal. Development is indirect with free-swimming vcliger larva. 

Examples: Pita, Triton, Valval a, Natica, Vermetus. 

Order - 3. Neogastropoda (Stenoglossa) 

1. Carnivorous species with an eversible proboscis. 

2. Ospberidium b large and bipcctinatc. 

3. Fool opcrculate. 

4. One gill with filaments in one row, heart with one auricle, single nepbridium present 

5. Nervous system b lightly concentrated. 

6. Shell has a sipbonal canal. 

7. Embroys arc intracapsular. Free swimming vcliger surprised. 

Examples: Murex, Oliva, Magilus. 

SUBCLASS (B) OPISTHOBRANCHIA (EUTHYNEURA) 

1. Due to detorsion of visceral mass, visceral loop becomes untwbled hence named (Gx.euthus =* straight, neuron = nerve). 

2. Mantle cavity displaced posteriorly. 

3. Head with two pairs of tentacles. 

4. Shell and operculum, if present, reduced. 

5. Usually one auricle and one nepbridium present 

6. Ctenidia are replace by secondary gills. 

7. Hcrmapbroditbm b universal. Larva b veliger. 

8. Exclusively marine. 

Subclass Opbthobrancbia b divideed into eight orders as follows: 

Order - /. Cephalaspidea 

1. These are borrowing forms having shield like bead. 

2. Shell and mantle cavity moderately developed. 

3. Lateral parapodial lobes are prominent 
Examples: Bulla, Acteon. 
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Order -2. A naspidea 

1 . These arc crawling or burrowing forms having a pair of rhinophores on bead. 

2. Shell is small and internal. 

3. Mantle cavity is reduced on right side. 

4. Parapodial lobes are prominent 
Examples: Aplysia, Akera. 

Order • 3. Thecostomaia 

1 . These are shelled plcropods. 

2 . shell is spirally coiled or a non-spiraUy pseudtxoncb. 

3. ManUe cavity is well developed. 

4. Parapodial fines arc large. 

Examples: Cline, Limacina. 

Order - 4. Gymnastomala 

1. These are naked ptcropods and planktonic 

2. Shell and mantle cavity absent 

3. Small ventral parapodial fins are present 
Example: Pneumoderma. 

Order - 5. Noiaspidea 

1. Shell is external or reduced and internal. 

2. Mantle cavity is absent, but a skirt-like projection of mantle covers gill on the right side 
Example: Pleurobranchus. 

Order - 6. A cochlidiactat 

1 . Small without shell and gill. 

2. Naked visceral mass projecting behind the foot and covered with spiracles. 

Examples: Acochlidium. 

Order - 7. Saccoglossa 

1. These are herbivorous, with a modified redula and suctorial pharynx. 

2 . They are shelled or naked slug-like, with a gill. 

Examples: Elysia^Oxynoe. 

Order - 8. Nudibranchia (Acoela) 

1. They are naked bilaterally symmetrical sea-slugs without shell, mantle cavity ctsedia and ospridhun. 

2 . They have secondary gills around anus or surface outgrowths or cerata. 

Examples: Doris, Aeolis, Tritonia. 


L 
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SUBCLASS (C) PULMONATA 

1. The ctcnidia arc absent and replaced by pulmonary sac or lung. 

2. Shell is simple spiral or vestigial or absent and operculum never occur. 

3. One or two pairs of tentacles and one pair of eyes are present 

4 . The torsion lakes place. The nervous system is secondarily symmetrical due to shortening of connectives and concentration 
of ganglia into a circumocsophagcal ganglionic complex. 

5. The heart with a single auricle lying anterior to the ventride. 

6 . The animals are bisexual. Gonad single. 

7. Development direct without larval stage. 

The subclass is divided into two orders: 


Order - 1. Basommalophora 

1 . One pair of tentacles with the eyes at the base. 

2. Shell is delicate with a large aperture. 

3. Some forms with secondary gills. 

4. Male and female gonopores usually separate. 

Examples: Lymnaea, Planorbis, Physa. 

Order - 2. Stylommaiophcra 

1. Two pairs of retractile tentacles. Eyes are lodged on the tip of posterior pair of tentacle. 

2. Shell is internal, reduced or absent 

3. Mostly terrstrial. 

4. Male and female gonopores usually united. 

Examples: Helix, Umax, Arion. 


CIASS. IV. PELECYPODA 

1. The pclecypods or bivalvia are marine or fresh-watcr. bilaterally symmeteical molluscs. 

2 . Mntle consists of paired right and left lobes, which secrete a brvalved shell. 

3. Devoid of head, eyes, tentacles and redula. 

4 The muscular fool is usually wedge-shaped or longue-shaped, which b adapted for burrowing. 

5. Presence of .wo gills, one on eilher side of mande cavity. the function of which is .o produce rcspira.ory and food-e.ny.ng 
currents of water. 


6 . Pharynx is absent 

7. Coelom is reduced to a dorsal placed pericardium. 

8 . Alimentary canal is coded with a large paired digestive glands. 

9. Heart is continued with pericardium and comprises two auricles and one ventricle. : 

,0. The rena, organs are a pair of coelomic hidneys. which lead into pericardium a. one end and to oub.de - 

n. The nervous system indudes four pair of gaanglion. vi*. cerebral, pleural, pedal and visceral. 
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12. Sense organs arc statocyst and ospbradium. 

13. Sexes may be separate or united. Development includes metamorphosis, followed by troebopbore stage. 

Qass - Pelecypoda is divided into following orders: 

Order - 1. Protobranchiala 

1. Presence of paired plume-shaped gills, each bears two rows of filaments. 

2 . The foot is flatenned. 

3. Presence of anterior and posterior adductor muscles. 

4. Sexes separate, gonads lead into kidneys. 

Examples: Nucuta, Solenomya. 

Order - 2. FiUbranchiaia 

1. Single pair of plate-like gills formed of distinct V-sbaped filaments. 

2 . Inter-fDamentar junctions are either absent or formed by groups of inter-locking cilia. 

3. Inter-lamellar junctions are either absent or non-vascular. 

4. Two adductor musdes present, anterior may be redused or absent 

5. Foot small or poorly developed.. 

Example: Mylilus, Area, Noah. 

Order - 3. Pseudoiamellibranchiala 

1. The gills are plaited so as to present vertical folds. 

2. Inter-fdamcntar junctions may be ciliary or vascular. Interlamcllar junctions may be vascular or non-vascular. 

3. Shell valves are frequently unequeal and single large adductor muscle present 

4. Foot is little developed or rudimentary. 

5. Genital organs open into kidneys or near them. 

Examples: Peeien, Osirea, Pinna, Lima. 

Order • 4. Eulamellibranchiala 

1 . Gills are basket like, the gill-filaments are attached with vascular inter-filamentar and inter-lamellar jinction. 

2. Gills may be smooth or plaited. 

3. Two equal adductor muscles. 

4. Foot is well developed. 

5. Siphon of small or large sized present 

6 . Gonads open out by separate openings. They do not open into kidneys. 

Examples: Unio, Teredo, Anodoma, Venus, Cardium, Mya. 

Order - 5. Septibranchiaia 

1 . Gills replaced by horizontal muscular and perforated septa dividing the mantle cavity into upper and lower chambers. 

2. Foot long and slender, byssus reduced or absent 
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3. Adductor muscles two. 

4. True ctcnidia arc absent. 

Examples: Cupisdarta, Poromya. 

CLASS -V. SCAPHOPODA 

1. They are aberrant marine animals comprising onlyof three genera. 

2. Body is elongated worm-like, enclosed in a tusk-like shell open at both ends. 

3. Eyes, tentacles and gills are absent 

4. Mantle tubular completely enclosing the body. 

5. Mouth sunounded by lobular processes or outgrowths. 

6 . Foot is reduced used for digging. 

7. Heart rudimentary. 

8 . Sexes are separate. 

9. Torsion takes place in some forms. 

Scapbopoda has two families: 

Family (i) Dentnlidue 

1. Fool is trilobcd having two epipodial lobes and one hypopodial lobe. 

Example sDenialinm, Antal is. 

Family (ii) Siphonodentalidae 

1. Foot is elongated and capable of expansion into a terminal disc. 

Examples: Pulsellum, Siphonodentahum. 

Cl ASS - VI CEPHALOPODA 

1. Exclusively marine. 

2. Shell spiral chambered or usually with or without shell embedded in mantle. 

3. Body with head and trunk. Head bears eyes and mouth. 

4. Trunk consists or symmetrical and uncoiled visceral mass. 

5. Mantle encloses posteriorly and ventrally a large mantle cavity. 

6 . Foot altered into a series of sucker bcaaring arms of tentacles encircling the mouth. 

7. Mouth bears jaws and radula. 

8 . Two or four pa irs of bipaclinale gills. 

9. Circulatory system closed, heart with two or four auricles. 

10. Excretory system comprises two or four pairs of nepbridia. 

11 . Nervous system is highly developed and the principal ganglia are concentrated around the oesophagus. 

12. Sexes arc separate. 

13. Development meroblastic without metamorphosis. 
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14. Most of the ccphalopods have an ink-gland with a duct opening into the rectum. 

Cephalopoda is divided into three subclasses: 

SUBCLASS (A) DIBRANCHIATA 

1. The foot modified into a circlet of eight to ten arms bearing suckers, around the mouth. 

2. The funnel forms a complete tube. 

3. The shell is generally internal. 

4. Presence of paired gills and kidneys. 

5. Presence of characteristic ink-gland and duct 
Dibranchiata is divided into two orders. 

Order - 1. Octopada 

1. Body rounded or oval and with no lateral fins. 

2. Arms eight, long arms or tentacles absent. 

3. Suckers on the arms sessile and without homy rim. 

4. Shell and cnidamcntal glands absent. 

Examples: Ocfop«s(Devil-fish), Agronauta 

Order • 2. Decapoda 

1 . Body elongated and with no lateral fins. 

2. Arms ten, eight short and 2 long and known as tentacles. 

3. Suckers on the arms sessile and without homy rim. 

4. Shell internal and well developed. 

Examples: Sepia, Loligo. 

SUBCLASS (B) NAUTILOIDEA OR TETRABRANCH1ATA 

1. The fool divides into lobes bearing numerous tentacles. 

2. The funnel is incomplete. 

3. Shell is external which is divided into several compartments. 

4. Kidneys and gills are four. 

5. Devoid of ink gland. 

6 . Pericardium communicates to the exterior directly. 

7. Eyes simple without crystelline lens. 

8 . Chrometopborc, salivary glands absent 
Examples: Nautilus . 

SUBCLASS (C) AMMONOIDEA 

1. All are extinct 

2 . Shell variously modified in the form of straight spiral or turTetcd. 
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3. Siphon external, siphuncle simple and marginal. 

4. Two pairs of ctcnidia. 

Example: Ammonuies. 

CHAETODERMA 

Phylum 
Class 
Subclass 
Genus 

1. It is a most primitive mollusc.The body is worm-like cylindrical, it is found around North Atlantic. 

2. The head is separate off from the body by a constriction. 

3. Mantle covers the body completely. 

4. Shell is absent but the body is covered by numerous calcareous spicules. 

5. Rudimentary foot 

6. Gills reduced to a pair which arc situated in the cloaca! cavity. 

7. Sexes arc seperated and each has one fused gonad. 

8. A cavity is present at the posotcrior end of the body into which opens the anus. Fig. 61.1 Chortvkrw* 

PATEU-A 

Phylum • Mollusca 

Class - Gastropoda 

Subclass - Prosobrancbia 

Order • Aspidobranchia 

Suborder • Docoglossa 

Genus - Patella 

1. Patella or limpet is a littorral and is found attached to 
the rocks. 

2. It is found along Pacific coast. Atlantic coasyl.Europc. 

U.S.A. 

3. Body is oval with convex dorsal surface. 

4. Shell is oval and core-like, with a conical projection 
from its dorsal surface. 

5. Operculum is absent. 

6. The head is laterally produced into aa pair of small, 
stout, tcclilc tentacles. 

7. Eyes arc simple prersent at the base of tentacles. A B 

8 . Foot ventral and sole-like for creeping. Fl< 61 2 Polella , a-Do~i view. B-Ve.tni view 

9. True manUe is restricted to the anterior and secondary 
mantle cavity is developed between fool and mantle. 
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10. Redula composed of very few, strong booked teeth in each rew. 

11. All around the foot lies a secondary pallial cavity containing a series of secondary branchiae. 

12. Heart with single auride. 

13. Herbivorous, feeding upon alage. sea weeds and diatoms. 

14. It is eatm by poor classes in country like France. Italy and Ireland. 

HALIOTIS 


Phylum 

- Mollusca 

Class 

- Gastropoda 

Subclass 

- Prosobrancbia 

Order 

. Aspidobranchia 

Suborder 

- Rbipidoglossa 

Genus 

. Hahotis 
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TatuoiUr ptoccitci pining 
through ihetl foramina 


1 . Hahotis or ‘Ear shell 1 is marine and found attached to rocks and feeding on 
sea-weeds and other marine vegetation. 

2. The animals are very common at and below low tide level. 

3. Hahotis or Aba lone has ear-shaped shell with small Hatenned spire. 

4. The aperture is very large and without operculum. 

5. The shell is perforated by a series of marginal slits through which project the 
tentacular processes of the mentle. 

6. The foot is large and with epipoidia and the animal can move 2to 4meters 
per minute but clings very powerfully to the boulders. 

7. Eyes are borne on sulks at the outer bases of the tentacles. Fig. 61.3 //«*«„. 

8. The mantle cavity is large, has bipcctinate ctcnidia or gill, the right being smaller. 

9. The shell of the animal is of great economic importance, as beautiful pearly buttons are manufactures from the shell of 
Hahotis in Europe and U.S.A. 

10. The animal is also eaten in countries like China. Japan and many cities along the 
Pacific coasL 



lenuck 


MUREX 

Phylum 


Mollusca 

Class 

- 

Gastropoda 

Subclass 

- 

Prosobrancbia 

Order ' 

- 

Pcclinibranchia 

Genus 

- 

Murex 


1. It is a marine animal found between low tide marks on stones and sea weeds. 

2. It is founded on the Syrian coast, Italy, India, West Indies and U.S.A. 

3. Shell b spirally coiled and with three or more rows of beautiful spines of different 
lengths. 

4. It b carnivorous and highly predator feeding on living animals which it grasps by 
means of its foot It b destructive to oyster bed. 



Fig. 61.4 Murrx. 
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5. Avery prominant bipcctinatc ospbradium pcrisl. 

6 . Head is prolonged into a long probosics which can be retracted within the probocis- sheath. 

7. Adrectal glands present which secrete a dye the Jyrain purple{ Yellow in colour). 

8 . Sexes arc separate. 


APLYSIA 


Phylum 

- Mollusca 

Class 

- Gastropoda 

Subclass 

- Opislhobranchia 

Order 

- Anaspidea 

Genus 

- Aplysia. 




1. It is a marine animal found among sea-weeds. 

2. It is found in India. Asia. West Indies and on the Florida coast. 

3. It is commonly called 'sea bare’. 

4. Body is soft, lumpy with a visceral bump. 

5. Head with two pairs oftcntcles. The anterior pair is large and ear-like, the 
posterior pair is olfactory and bear eyes at their base. 

6 . Shell thin, reduced and tmsparent, enclosed by mantle. 

7. The foot is muscular and elongated pointed posteriorly with lateral out 
growths, the parapodia. 

8 . Mantle posscssc unicellular ink glands secrete purple ink. used for 
defence. 

9. Hermaphcroditc.Thcrc is a single generative aperture and a single duct for 
the sperm and ova but a seminal groove runs from the aperture to the bead 
and reciprocal fertilization is impossible. 

10. Nervous system is well developed with perfectly symmetrical visceral 
loop. 


eye 



Fig. 61.5 Aplysia. 


AEOLIS 


Phylum 

Mollusca 

Class 

. Gastropoda 

Subclass 

. Opislhobranchia 

Order 

. Nudibrancbia 

Genus 

Aeolis 


1 . It is a marine slug-like gastropod found in shallow waters crawling on under surface of sea weeds. 

2. Found in U.S.A.,Europe. 

3. Aeolis is a small nudibraneb 1 or 2 cm in length. 

4. The soH body is covered with a transparent inlcgumcnL 

5. The shell, mantle and true gills arc absent. 
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6 . The ccrata arc ibe respiratory organs. 

7. There arc cylindrical extensions of the integument, containing hol¬ 
low extensions of the liver and nematocyst derived from ingested 
bydroids. 

8 . The ccrata have characteristic arrangement, may occur in many 
transverse or in few longitudinal rows. 

9. The head is small, bears tentacles, usually two pairs, one which 
may be retractile. 

10. The anterior or oral pair is the longer. 

11. The posterior or dorsal pair, known as rbinophorcs bear simple sense 
organ with lest the surrounding water. 

11 At the base of each rhinophorc is an eyespoL 

13. The mouth is prominent and can be most easily seen from the 
ventral view. 

14. On the right side of the head is conspicuous genital opening. 

15. Just posterior and dorsal to genital opening lies the small anus. 

16. On the ventral side the animal has a highly muscular foot. 



17. Proportion varies with the species. 


18. Mouth is guarded by lips which cover both the radula and the homy jaws within the buccal cavity. 

19. The powerful jaws cut the bydroid into two pieces. Ibe Aeolis b hermaphroditic and gonad b protandric. 


DORIS 

The sysiamatic position is same as that of Aeolis 



1 . It b a sluggish marine animal found under stones at low tide marks. 

2. It b cosmopolitan in dbtributioo. 

3. It b commonly known as *sea lemon'. 

4. The body is oval and depressed .concave abopve and Oat below. 

5. Head is indbtnict. but there b a pair of short olfactory tentacles or 
rbinophorcs towards the anterior end. 

6 . Mantle is usually pigmented and contains calcareous spicules or dorsal 
tubercles. 



7. Mouth ^present on ventral side. Anus lies mid-posterioriy and b surrounded by a circlet of feathered retractile secondary 
branch iae. 


8 . The broad foot b on ventral side. 

9. Hermaphrodite, gonopore b asymmetricelly placed on the right side of the body. 

10 . Doris has undergone detorsion, therefore, the shell, mantle cavity and primary gflb are absent 


UMAX 


Phylum 


Mollusca 
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Class 

Subclass 

Order 

Genus 


Gastropoda 

Pulmonala 

Stylomniatopbora 

Limax. 


1. It is a terristial gastropod, found in gardens over damp soil. 

2. It is cosmopolitin in distribution. 

3. It is commonly known as 'gray slug'. 

4. Body is elongated and tapering behind and is divisible into bead, foot and 
visceral bump. 

5. Two pairs of retractile tentacles arc present on head. Eyes arc present at the 
tips or posterior tentacles. 

6 . Tbe mouth is on the ventral side of the anterior end and is bounded by a pair 
of lateral lips. 

7. Mantle forms aa sheild like area in the dorsal side of the anterior part of the 
body. The mantle cavity acts as a lung for the breating, pneumostome, present 
on right side. 

8 . Shell is internal, thin and rudimentry, lies embedded in mantle. 

9. Foot is on ventral side. 

10. A pedal gland just behind the head for the mucous seaelion. 

11. Bisexual. 

12. Nocturnal and herbivorous. 


HELIX 



Fig. 61.8 Umax. 


The systematic position is same as that of Umax. 


1. It is a tcncstrial animal found in damp places, under bark and fallen leaves. 


2. It is found in Falcarctic region. 

3. It is commonly called 'garden snail*. 

4. The shell is thin, external and belieiform with a low conical spire, 
measuring 4 cm. in length. 

5. Head bears two pairs of tentacles, first pair bears organs of small 
and second pair is large and bears a pair of simple eyes. 

6 . Foot possesses a flat ventral surface for creeping. 

7. Respiration by pulmonary sac. 

8 . Gills arc absent 

9. Hermaphrodite, the genital aperture opens above the right lateral 
lip. Gonads contain four angled dark and multifid digitiform 
glands. 



Fig. 61.9 Mi*. 


MVTILUS 


Phylum 


Mollusca 
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Claiss - Pelecypoda 

Older - Ffllibranchia 

Genus - , Mytilus 

1 It is a marine, sedentary mollusc found at a depth of 2 or 3 
fathoms in low tide mark, attached to rocks or wooden 
structure by its byssus threads. 

2. It is commonly called as 'sea mussel' and cosmopoliun in . 
distribution. 

3 . The shell is elongated, equivalent with umbo at or near 

4. Hing toothless but may bear cerailations. yT •ZjjkVK 

5. The foot is tongue-like and is modiGed into a bunch of foo« \/4 

byssal threads coming out from between the two shcll-val- 

vea, which are main anchoring orgns. 

6 . The anterior adductor muscle is weaker where as posterior «>«•/-* 

is strongly developed. 

7 . A pair of gills is present each gill is provided with gill-filaments, the gill are lamellifonn. 

8 . The eyes are found anterior to the inner gill-lamella. 

9. Sexes are separate. Gonads extend into the mantle. 

10. It is used s food in Europe. 


line* of 


left 

iheilvdue 


SEW 


- eiameM 
tiptoe 




PECTEN 


Phylum 

Gass 

Order 

Genus 


Mollusca 
Pelecypoda 
Pscudolamellibranchia 
Pec ten 


1 . It is free swimming marine mollusc lives on the sea bottom of 10 
fathoms deep. 

2. It is found in India and U.S.A. 

3. It is commonly called as scallop. 

4. TWo shells are uniqual. The right shell being larger and more convex 
and the animal rests on this valve. 

5. There is a single large adductor musdc.This s divided into parts and 
the larger of these served for rapid contraction which cause swimming 
movements. 

6 . Foot is very much reduced but in larva very well developed and used 
for locomotion. 


7. Two large and crescentric gills are present. 

8 . Mantle is tentaculiferous and it endoscs visen. 



catlike 

procet* 


IL 


Timer like 
projections 


Fls.61.ll 


9. Large number of sulked eyes are present at regular intervals along the edges of the mantle. 

10 . These are hermopbrodite. 
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11 . 

12 . 


2 . 

3. 

4. 


6 . 

7. 

8 . 

9. 

10 . 


2 . 

3. 

4. 

5. 

6 . 
7. 


8 . 

9. 


Tbe ovary has pink colour when eggs are ripe. 
The testis lies behind and is cream in colour. 


OSTREA 


The systematic position is same as that of Pecten. 

It is a sedentary bivalve attached to rocks or other shells and found 
in shallow and brackish water. 

It is found in Atlantic and Pacific coasts India. Gulf of Mexico to 
Massachusetts. 

It is commonly called 'edible oyster*. 

The shell valves are unequal, the left is always larger and permanently 
attached to the rocks by byssus. 

Only one adductor muscle i.e. posterior one. It is divided into two 
parts one is straited and other is non-straited. 



left vilve of shell 


Fig. 61.12 Oslrea 


The foot is absent 
Heart with two fused auricles. 

A pair of curves gills present 

It is peculiar in the sense as the individuals function alternately as males and females. 

Spawning genearlly takes place at full moon. The eggs develop into vileger larva which metamorphoses into adult 


TEREDO 

Phylum 
Cass 
Order 

• Genus 

Marine pclccypod which burrows in wood of the boats, 
ships and other submerged wood. 

It is found in India. Europe. Cape Cod to Florida and 
Massachusetts Bay to Florida. 

It is commonly called 'sbipworm*. 

Teredo has body extrcmclly elongate and worm-like 
appearance. 


Mollusca 

Pclecypoda 

Eulamellibranchia 

Teredo 



Fig. 61.13 Ttrt * 


Foot reduced. 

Mantle tubular and opens anteriorly, shell is reduced and covers only tbe anterior part of tbe body 

The mantle cavity and sbipons arc long and tbc latte, unite* to a large extend and provided with calcareous pallets for 

protection. 

A constant current into and out of the mantle cavity is maintained by ciliary action. 

Tbe saw duct is swallowed by the animal and is digested by cellulose digesting enzymes. 


SOLENOCURTUS 
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Phylum 

Class 

Order 

Genus 


Mollusca 

Pelecypoda 

EulameUibranchia 

Solmocurtus 


1. It is a burrowing pelecypod found in India and U.S.A. 

2. It is commonly called ‘razor fish’ or ‘razor shell’. 

3. Bivalve shell, mantle divides into right and left lobes. 

4. Body is laterally comopresed and bilaterally symmetrical. 

5. A pair of basket-sbapcdd gifts consisting of filaments, wbrib art united by interfilamentar and 
inter-lamellar junctions. 

6. Two equal-sized adductor muscles developed. 

7. Presence of two elongated siphonal tubes which are united with each other. 

8. The shell has the appearance of long scabbard. 

9. The foot is long, cylindrical and enormously developed which is capable of penterating into fi*. 61.14 &W*/»f<ptaur- 

the loose sand. 0 ^^. 



OCTOPUS 


Phylum 

Mollusca 

Class 

• Cephalopoda 

Subclass 

Dibranchia 

Order 

- Octopoda 

Genus 

- Octopus 


1. It is marine and cosmopolitan in distribution generally found.on 
the Atlantic and PaciGc coasts. 

2. It is commonly called devilfish. 

3. Body surrounded by mantle containing chromatopbores. They can 
change their colour according to surrounding medium. 

4. Foot modified into eight equal arms surrounding the bead and 
siphon. 

5. The arms arc beset with suckers which ait sessile and without 
horny rims. 

6. Body is covered with tubercles, short, round aborally and without 
fins. 

7 . Externa] shell is absent and body with vestiges of an internal shell. 

8. Third arm on the right side in male modified to act interomittent 
organ or bectocotylized. 

9. Like Sepia andLoligo, Octopus is also capable of producing inky 
liquids which form a smoky screen water. 



onlwBii 


10. Sexes are separate and there is no metamorphosis as the development is direct Female carts the eggs. 

11. Mouth with sharp and beak-like homy jaws. 
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Phylum 

Class 

Subclass 

Order 

Genus 


ARGONAUTA 

Mollusca 

Cephalopoda 

Dibrancbia 

Ociopoda 

Argonauta. 


funnel 


1 . If is a marine animal found in Atlantic and Indian oceans. 

2 . It is commonly called as ’paper nautilus’. 

3. Sexual dimorphism is remarkable and well-marked. 

4. Male in 2.5 cm in length and without shell. 

5 . Female is 20 cm in kength and possesses a thin, transparent shell 

secreted by the extximilies of two dorsal arms. Fig 61.16 

6 . Shell is used for protection of eggs. 

7. Third arm in male is bcctocotylizcd. 



sucker* 


8 . Eyes and funnel and present 

9. Two plume-like ctcnidia and two kidneys are present 


NAUTILUS 


Phylum 

Class 

Subclass 

Genus 

1 . II a marine crpbalopod living in shallow wters 
and shores and coral reefs in the Indian and south 
Pacific Oceans. 

2. It is commonly known as 'Pearly nautilus’. 

3. The shell is well developed, spirally coiled and 
composed of calcareous matter, which is 
divided into several compartments by a scries of 
septa. 

4. Through the various compartments runs a tube 
called siphunclc the walls of wbcih arc formed 
of calcium carbonate. A narrow vascular 
prolongation of visceral region of the animal 
passes through this tube. 


Mollusca 

Cephalopoda 

Tctiabranchia 

Nautilus 



5. Head is well developed bearing the eyes. ^ 6 ; „ „_*,*_**■, 

6 . The anterior part of foot b modified into several 

arms provided with tentacles which are arranged in two senes. 

7 The posterior potion of the foot is modified into funnel situated below the head. 
8 . Buccal cavity with a pair of jaws and odon.opborc bearing several teeth. 


skcll. II— lBicn»*lck»niber 


9. Two pairs of gills and kidneys are present. 



Characters & Classification ofMollusca 

10. They arc hyper-polyandrous Le. male are abundant than female. 

11. Presence of 60 tentades in male and 90 in female. 

12. Pericardium leads directly to exterior by two orifkxs located near the posterior renal aperture. 
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PILA GLOBOSA 


Pi la is commonly called as 'apple snail’. Il comes under class Gastropoda. Tbc gastropods have undergone an extemsive 
adaptive radaition and have in vaded various kinds of habitats. 

SYSTEMATIC POSITION 


Phylum 

Mollusca 

Class 

Gastropoda 

Subclass 

- Prosobranchia 

Order 

. Pcctinibrancbia 

Genus 

Pila 

Species 

• Globosa 


DISTRIBUTION 

The genus Pila is restrivted to the Oriental and Elbiopoan regions. In the Oriental region it occurs in India (except the 
province of Punjab). Burma. Ceylon. Thailand. Malaya. Vietnam.Indoncsia and Philippines and in the Ethiopian region. 
Africa. Arabia and Madagascar. Pila globosa is the common species found in North India except Punjab. 

HABITS AND HABITAT 

These arc larges, known fresh waier snails. They inhibit ponds, tanks, paddy-fields and jTorXLjw 

and in brackish water They occur in those areas where there is a Urge * m ^ n,ofv '® eU ' IOn J* . dinK1Ich 0 f areas 
food. They are amphibious being adapted for life in water as well as on land. They make J cr |ong ^ of 

with more abundant food and water during rains. The animal creeps by its ventral muscular f y P 
drought by remaining torpid with the aperture of shell tightly by the operculum. 

EXTERNAL FEATURES 

Shell. The body of Pila is enclosed in a calcareous shell, which is somewhat conical and is coded dround a ce 
the coils, or whorls being marked of! externally bom each other by distinct sutures. 

The top of tbc shell is distinguished as the aper.Bclow this arc wds in a wide opening, 

a spiral course. THe lowermost wbort is considerably bigger than % , hc >pcx points backwards. THe 

the mouth or aperture. In the living animal, the aperture is d.rec e X of ,bc aperture is named 

interna, cavity contained in the shell, is a continuous one «™ung * 
tbc peristome, its outer part is called tbc outer Up and the inner part, the inner p 

The axis of the shell o, the columella is hollow and 
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can be distinguished into foot, bead and visceral mass. The head ,««« ©i cot«»»vclltr lip oj 0 i 

and fool arc bilaterally symmetrical while ihc visceral mass b sfccilwiifc * * 

asymmetrical. '* of*tc**u. 

Head. The antcriormost part ofihe body, overhanging ihc fool, forms a definilc 
head. Il bears dorsally a pair of small tapering and contractile first pair of tentacles 
or labial palps. The snout beats the mouth iiin its anterior surface below the palps. \JffT 

Behind the labial palps are the longer, filament like true tentacles or second pair of \ 

tentacles. These arc hollowed and very contractile and become about 5 cm. long \ \ 

when fully extended, but only 1.5 cm. when contracted. The eyes are placed on tips ^| 

of short stalks or ommatopliore which arise from the outeer sides of the tcntaacles /V-' J - 1 

near their bases. On the two sides of head connecting il and mantle, occur two in*"" 1 * 1 1J 

fleshy structures, which are called nuchal lobes or pseudepipodia. The lefl nuchal ^ 

lobe is bettrer developed and forms the respiratory siphon. VL /£ 

Foot The large, strongly muscular, ventral part of the body forms the foot. 

When fully expanded, it is roughly triangular in shape, with the apex directed 
backwards. The foot has a broad, flat, smooth and grey ventral surface, or the sole, 

for creeping. The fool bears the operculum dorsally on its posterior end, called the 8 ^ SMl U * e * k *- 

operculiferous lobe. When the .foot is withdrawn, the operculum completely fits into the 

mouth of the shell and closes iL bou —dem 

The head-foot complex is attached to the visceral mass by a short inconspicuous neck. 

Visceral mass. The visceral mass is a spirally coiled hump-like structure on the dorsal |f{§uK HmilU 
side and ontains all the vital organs of the body. I^lal Kr7 /))))]| 

Mantle. The skin of the visceral mass from the mantle or the pallium the H>tractfristic Vr ^ J I / 

molluscs structure. The free edge of the mantle is thickened and posscssese the shell-secret- 
ing glands. The mantle keeps a regular check over )he anterior part of animal. There is a 

long, narrow supramarginal groove along the thick free edge of the mantle. Behind the *’ oov ®. ** ,row,S 

supramarginal groove, there is a slight, tbickend band, which has the sbell-secretir* glands. * B 

The shell is secreted by the mantle. The periostracum and the ostracum are secreted *** A ~ Um “ Vl 

by Ibc supra-margwalgrowe «d Ok sM-gland resp^dy. The hypoitracv, u secreted by lb. general epiUxlial covering 

of the mantle, which also serves as an additional organ of respiration. * p mciiai covering 

M.n.k Cavity or PaUial Cavity. This is .he Urge space whoso toof and greater part of Ac side* aro formed by the anterior 
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Pilaglobosa 


part of mantle and the floor and remaining part of the sides 
are formed by the dorsal surface of the body behind the head. 
In this cavity a number of organs are present known as organs 
of pallia I complex. The organs of pallia! complex are: 

1 . Epiiaenia. When a longitudinal incision is given along 
the left of the ctcnidium a prominent ridge, the 
epitaenia is seen on the floor of the mantle cavity. It arise 
near the right nuchal tube and extends up to the extreme 
posterior end of the cavity. It divides the mantle cavity 
into a small right branchial chamber and large left 
pulmonary dwmber. 

2. Cienidium or gill. It lies at the extreme right side of the 
mantle cavity banging vertically downwards from its 
dorso-lateral wall. Being monopectinate (come-like), its 
gill filaments or lamellae, which are somewhat triangular 
in shape, hang freely in the branchial chamber. 

3. Rectum. It lies on the left of cienidium on the floor of 



Fig- 62.4 Pda Body after removing akelL 


mantle cavity and opens to theexterior by anus, situated near the 
right pseudepipodium or right nuchaI lobe. 

4. Genital duct. The vas deferens in case of male or the oviduct in 
case of female lies in the bmebial chamber in between the rectum 
and epitaenia. Its opening is situated close to the anus. A book-like 
penis can be seen in front of the genital pore in cse of male 
specimen. At the base of penis is found the hypobranchutlgland. 

5. Hypobranchial gland ■ It is a glandular thickening at the base of 
the penis. Its secretion helps in the act of copulation. 

6. Renal opening - The anterior chamber of the renal organ projects 
into the branchial chamber as a small area of reddish colour, near 
the posterior temination of the epitaenia. Its external opening is 
like a transversely oblique slit situated in a shallow depression. 

7. The pulmonary chamber - It is a sac banging in the mantle avity 
from the roof of mantle. It opens into the manUe cavity by the two 
rows of lamellae. It is olfactory in function. 

DIGESTIVE SYSTEM 



The degestivc system of Pila comprises: 


Fig. 623 Pda. AaUMl *«• from «ke v««r»l ddc. 


I. Alimentary canal 

: **■“ 

.. 
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Pila globosa 

of buccal cavity there lien an odontopliore or tongue moss on 
the floor of the buccal cavity. On the roof of buccal cavity occur 
the dorsal buccal glands. 

The odontopborc is supported by protractor and retractor 
muscles and two pairs of cartilages. A pair of large S-sbaped 
lartal cartilages and a pair of triangular superior cartilages. The 
cartilages project into the buccal cavity. 

At the top of odontopborc lies the radula. which is a star¬ 
shaped body and bears teeth on its upper surface which arc 
arranged in transverse rows as in a file. Each transverse row of 
radula contains seven teeth including a large central or median 
rachidian tooth followed by one small lateral and two needle- 
like marginals on cither side. 


The teeth arc made up of cbilin reinforced by hardened pwuiep^od.um ude(lnptif) 
protein. They bear sharp cutting edges meant for rasping 

vegetable. The old teeth arc replaced by the new ones. The new F*. 62* • Pda S.fuauit of numk ca*«y. 

teeth grow behind the radula and push it forward. 


pchnoruiy; 



otphirtdiore 
left pteudepipodium 


The number of radualr teeth in a row and the size and shape of teeth vary 
in different genera and species. 

The twochilinous jaws form the posterior limit of the vestibule. The jaws 
lying dorsolatcrally in the region of the sphincter muscle of the buccal mass 
are connected together by a culicular membrane. The anterior culling edge 
of each is truncate and serrate and bears two or three large teeth. Their 
movements are brought about by the sphincter muscles of the buccal mass. 
They appeaer to the formed by the simple local thickenings of the culicular 
lining of these areas. 

The buccal cavity lead into ocsopbegus. 


bucol gland*- 


00©**.,Ul, 


tubradulai 


muscle* of odomoptoit 
A tubradula* «*«•■ 


Utcrml cartilage 
of odonioohore 


radula* aac 


sublingual cavity 


FI*. 62.7 Ma. V.LS of btccal dub 


Oesopliegus. It is like a long and narrowtube. It suits from the dorsal part of 
buccal mass and extends backwards along the median line to open into stomaacb after 
the visceral mass. A pair of round coloured oesophegea! pouches are found in the 
lateral sides of ocsopbegus. Each poub open at the junction of the ocsopbegus and 
the buccal cavity by means of a narrow duct. The pouches are the projections of 
oesophageal wall but their function is not well known. Probably they secrete digestive 
enzymes. They are also used to store food for some times. 


radula _ bod gl-vl 



buccal covk 


wpenor 

cartilage 


2. Midgut. It comprises stomach and intestine. It is endodermal in origin. 

Stomach. It lies on the left side of visceral mass, below the pericardium, embedded 
in digestive glands. Its internal cavity is U-shaped in appearence. The stomach 

contains two parts or chambers: the cardiac and pyloric. The cardiac chamber iis left _ 

or posterior part of stomach and forms its mainpartlt receives ^oesophagus. Its inner radular wc camiage 

lining is thrown into longitudinal folds. The right or anterior lunb of the stomach is F ,. 6Z8 R . 

pyloric chamber which is continued into the intestine. Its inner lining thrown into ““ 

transverse folds. A blind pouch-like outgrowth the caecum, originates from the lower wall of pyloric stomach. It iis devoid of 
crystalline cone which has been observed in many other gastropods. 


radula*. sac 


PiUs Baccali 


lateral 

cartilage 


The digestive gland opens into the stomach by means 


p 7 r 

ns ofadpclat 


the junction of cardiac and pyloric stomach. 


Intestine. The pyloric stomach followed by a nanow coiled tube, the intestine. In the begining the intestine runs bekwards. 
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Ihcn curves upward and lakes 2 l/2or3 cods 
between the gonad in&onl and the digestive 
gland behind, before joining the rectum. 

3. Hind gut. The hind-gut or proctodaeum is 
ectodermal in origin, comprising rectum. 

Rectum. It forms the trerminal part of 
alimentary canal. It is thick walled tube running 

into the branchial chamber and opens to exterior by the anus lying about 0.6 mm. from the edge of the right 
nuchal lobe. 

II. Digestive glands. A number of digestive glands are associated with alimentary canal. These are: 

7. Salivary glands. Salivary glands arc paired, white branching glands lying one on either side of the 
oesophagus behind the buccal mass. From each salivary gland a duct enters the buccal mass to open 
into it in the region of the dorsal buccal glands. 

They secrete muscus and enzyme. Muscus helps in the lubrication of the radula and the smooth 
transport of food. The enzyme helps in digestion of starch. 

okhjUi 

2. Digestive gland. The digestive gland is large spirally coiled somewhat 
brownish or dirty-green in colour. It forms the greater part of the visceral 
mass. It consists or two lobes, the smaller is connected with the stomach, 
the bigger extends to apex of the spiral of the visceral mass. From each 
lobe arises a main duct, the two ducts unite to form a single duct before 
opening into the stomach. These ducts, into the digestive gland, branch 
repeatedly and end blindly ina very large number of small tubes, the 
alveoli. The alveoli arc lined with a digestive epithelium made up of 
three types of cells- (i) secretory cells which secrete a cellulose digest¬ 
ing enzyme, (ii) resorptive cells which digest proteins intracellularly, 
and (iii) lime cells or calciferous cells which store calcium phosphate. 

Semi-digested food enters into these alveoli, where digestion of cel¬ 
lulose and proteins takes place. 

This structure is regarded as 'liver by most of the zooloogists but as it 
performs the functions of the various digestive glands and also is the main 
organ for the absorptioin of the digested food, therefore, Dakin has given the 
term digestive gland to this structure. 

3. Buccal glands. A pair of elongated glands is present in the roof of 
buccal cavity. They secrete digestive enzymes. 

4. Oesophegeal pouches. As already described, they probably secrete 
digestive enzymes. 

Fig. 62.11 

Food and feeding. The food consists cheifly of aquatic secculent 
vegetation. It is also reported that sometimes Pda feeds on dead animal tissues too. 

By the contraction of the sphincter and protractor muscles of the buccal mass, the jaws move to the mouth 
pieces of plants. Meanwhile, the radula is brought forward and the prcces of.qua.rc plants.aught byI> 
the CSV,,; of the buccal mass as the radula moves backwards. The cHau, „w movement (*>cnM*" 
i.e., Us-arid for movement of the radula over the cartilage jus. Hike a band over the pulley * very ebaracterisuc. The movement 
of the radula is very much limited in Pila in comparison to other gastropods. 
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Pila globosa 

The salivery glands pour ibeir secretion into the buccal cavity where it mixes 
with the food. It converts insoluble starch into soluble sugar. In the stomach the 
food is digested by the secretion of the digestive glaod. The digestive juice brings 
about the extracellular digestion of food, whereas intracellular digestion takes 
place inside the resorptive cells of digestive gland. The resorptive cell digest the 
cellulose portion of the food. Absorption of digested food lakes place in the 
digestive gland and the intestine. The undigested food passes out from the rectum 
through the anus. From anus it comes into the branchial chamber and from there 
it comes to theexterior along with the out-going ament of water. 

RESPIRATORY SYSTEM 

Pila is an amphibious animal so that it employes both aquatic and aerial 
methods of respirtion. 

Organs of respiration, the organs of respiration consist of a pair of lefly 
expansions of mantle si uate in the pallial cavity and called ctenidia, pulmonary 
sac and a pair of nuchal lobes. 

1. Ctenidia. It consists of numerous thin lamellae attached to the mantle wall 
by their broad bases, but have their apices free in the branchial chamber. The 
line of attachment is known as ctenidia! axis. A ctenidium with such an axis 
with a single row of lemmellae is described as monopectinate gill the 
lemcllae present in the middle of the ctenidium are largest They gradually 
become smaller towards the ends. Each lamella has a longer left side known 
as efferent side being on the side of efferent ctenidia sinus and the reltively 
smaller right or afferent side lying on the side of afferent ctenidial sinus. 

Shallow transverse ridges, called pleats are found in the anterior and pasteior regions 
of each lamellac.Each lamella arises as a double-layer of epithelium internally sup¬ 
ported by connective tissue and muscle fibres. The epithelial layer consists of three kinds 
of cells. 

(1) Non- ciliated columnar cells J 

(ii) Ciliated columnar cells 

(iii) Glandular cells. 

Underlying the epithelium there is a thin basement membrane below which lies 
connective tissue layer consisting of cells with a few sailed nuclei and large number of 
obliquely running muscle fibres. After the muscle fibres is situated a layer of pallial 
epithelium. 

The ctenidium of Pila is situated on the right side of the body but the distribulion 
of nerves in it and the position of ospbaridium shows that gills of the left side has been 
pushed to the right side by extensive development of the pulmonary sac. 

2 . Pulmonary Sac. It is also known as lung. It is sac-like structure hanging from the 
roof of mantle avity and is entirely closed except for a large opening with which it 
opens into the mantle avity. It is developed from the mantle itself and consists of a 
densely pigmented dcorsal wall and a creamy white ventral wall. The Daps on the 
two sides of the opening are of unequal size, the left neing larger than the right and 
help in controlling the opening of pulmonary sac. The outer wall of the pulmonary 
sac consists of an external epithelial layer containing large numbers of fine black pigment granules. This is follow by 
basement membrane below which lies a thick layer of connective tissue and finally the endothelium of the inner surface. 
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Fig. 62.14 Pila. TS. of two gill lamella. 




According lo some workers the pulmonary sac 
is modified second ctcnidium but this has not been 
proved Co be correct 
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3. Nuchal lobes. The mantle is provided with two 
fleshy and contractile nuchal lobes or 
pseuidopipodium on the two sides of head over 
the foot. The left nuchal lobe is well developed 
whereas the right is less developed. They form 
two respiratory tubular funnels longer and 

smaller during respiration. ventricle 

Mechanism of respiration Fig. 62.15 Pda. Mechanism of respiration. 

Aquaiic respiraiion. Aquatic respiration usually takes place, when the animal lies . ^** 0 ] 

submerged in the water, attached to the plants or floating in muddy water. During this pulmonary 

process, the animal is fullly expanded, and the two nuchal lobes, which are equally expanded, ve “ . \\a^ 

appear more or less like shallow channels. The left nuchal lobe after a time increases in size *^7 \ 

and takes the form of a gutter. The respiratory ament of water enters through the guttcr-like / \ f 

left nuchal lobe flowing beneath the osphradium and reaches the posterior part of the l 

pulmonary clumber of the mantle cavity and then corssing the epiiaenia it enters the 
branchial chamber, where it bathes the entire length of the gill allowing exchange of gases | V 

and, finally, passes outside through the right nuchal lobe. \ ' \ 

Aerial or pulmonary respiration. The aerial respiraiion ocurs either when the pond water *° ,ll< "T 

is poor in Oxygen or Pila is making excursion on land. 

Pila moves towards the surface of water and thrusts out its left nuchal lobe which / 

becomes elongated and tubular to form the resppiratory siphon. The pulmonary chamber y 

becomes greatly enlarged and is completely cut ofT from the branchial chamber. The air 
enters the pulmonary sac through respiratory siphon and the respiratory movements 
produced by the altcrmatc contraction and expansion of the pulmonary sac help in 
inspiration. 6216 Pila " tin 

While Pila is on land, the respiratory siphon is not formed and the air enters pulmonary chamber directly through the 
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(I) heart 

(II) bloodvessels 

fill) blood. 

I. Heart- It is two chambered consists of an auricle and a ventricle 

(i) Pericardium. The pericardium is thin walled, oval ebambe 
chamber and the posterior renal sac on the left side of the be 
the digestive gland. The renal sacs arc present on its dorsal: 
pericardial cavity is the true coelom as it communicsatcs v 
its wall in early stages of development. Pericardium commur 
aperture. 

(ii) Auricle. The auricle is a thin walled, roughly triangular sac 
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(i) A redular sac artery to the redular sac. 

(ii) A pair of optic nerves to the eyes. 

(iii) A pair of tentacular arteries to the tentacles. 

(i v) Pedal arteries which branches to form a network in fooL 

(b) Visceral aorta. It passess thorugh the visceral mass and supplies blood to the visceral organs by the following branches: 

(i) A pericardial branch, which supplies the pericardium, the anterior part of the digestive gland and the skin. 

(ii) A large gastric branch, which supplies the different parts of the stomach. 

(iii) A number of small intestinal arteries, which supply the intestine. 

(iv) A large digestive branch ,which supplies the digestive gland and the gonad. 

(v) Many renal arteries to the anterior and posteior renal chambers. 

In the end the visceral aorta terminate into branches which supply the rectum and anus. 


2. Sinuses. The ultimate branches of the arteries open into wide spacews without walls, called the blood sinuses. Some of them 
act as blood capillaries and contact the arteries with the veins. Other sinuses join together to form larger sinuses. In Pila 
there are four sinsuses: 

(i) Perivisceral sinus. It occupies the anterior part of the body above the foot and below the floor of manUc cavity. It sunounds 
the anterior part of alimentary canal. 

(ii) Peri-intestinal sinus. The peri-intestinal sinus is confined around the coils of the intestine. 

(iii) Branchio-renalsinus. It lies along the right side of the anterior renal chamber. 


(iv) Pulmonary sinus. It is confined to the walls of the pulmonary sac. 

3. Veins. The veins carry the venous blood from the various part of the body to the auricle directly or through the respiratory 
and excretory organs. 

0)Afferent ctenidial vein. It collects blood from the periviscertl sinus, brancbio-rcnal sinus, rectum and the terminal part of 
the genital duct and carries it to the ctcnidium. where it branches to supply blood to the branchial lam ellae for purification. 

(ii) Efferent ctenidial vein. It collects oxygenated blood from the lamellae of ctcnidium. mantle and copulatory organ and carries 
to the auricle. 

(ii i) Afferent renal vein. It receives blood from the peri-intestinal sinus and empties into the posterior renal chamber. 

(iv) Efferent renal vein. It orginates from the posterior renal chamber and empties in to the auricle. 


(v) The pulmonary vein. It collects blood from the pulmonary sac and carries it to the auricle. 

HI. Blood. The blood is colourless and contains colourless amoebocytes in the plasnu. The 

tinge. A respiratory pigment, the baemocyanin is found dissolved ,n the plasma. The h.emocyan.n helps rcsp.r 


Course of Circulation. 

The ventricle pumps the mixed blood through branches ofeephal k aoria and vooe™ ° 1 sinuscs ^ blood * 

venous blood is collected from the various parts into the periv.sccra P* wasle pro ducts or indirectly to the gill and 

sent back to the auricle either directly through kidneys for the removal bIood these organs and it is the mixed 

mantle dudring aquatic respiration. The auricle thus gels aerated and non-areated blood irom me rg 
blood which is forced into the ventricle to be pumped again to various organs of the body. 

EXCRCTORY SYSTEM 

In Pila globosa, there is a single large renal organ or kidney or organofBojanus lying behind the pericardium. The excretion 
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is done by the left-kidney as the right kidney has modified into the gonoduct On one side 
it opens into the pericardial cavity and on the other to the outside through the mantle 
cavity. 

The renal organ is made up of two distinct parts: a right anterior renal chamber and 
a left posterior renal chamber. 

1. Anterior renal chamber. It is oval..reddish organ, lying on the dorsal side of the 
animal infront of the pericartdum and posterior renal chamber. The cavity of the 
anterior renal chamber is very small due to the presence of a number of triangular 

leaf-like processes or lamellae are arranged on either side along a thick median *..1 cumber 

longitudianl ax is. or the efferent renal sinus. On the floor of the chamber, the lamellae '8 

are arranged on either side of a median axis, the afferent 
renal sinus. The anterior renal chamber communicates with 
the posterior renal chamber through a small opening at one 
end and opens by an elongated opening into the mantle 
cavity lying to the right of the epitaenia, at the other end. 



2. Posterior renal chamber. It b hook-like broad chamber 
brown or grey in colour situated behind the anterior renal 
chamber, in between the rectum on the right and the pericar¬ 
dium and the digestive gland on the left. Its large internal 
cavity encloses a part of the genital duct and a few coils of 
tbje intestine. At one end, it communicates with the anterior 
renal chamber through an aperture and at the other with the 
pericardium through an elongated slit-like rtno-pcricardia! 
aperture, perforating a thin vertical reno-pcricTdial septum, 
separating the two. The afTercnt and efferent renal vessels 
profusely branch in the roof of this chamber. 

Physiology of excretion. The renal organ separates the 
nitrogenous waste from the blood. The excretory fluid passes 
from the posterior renal chamber to the anterior renal chamber 
from where it is discharged into the mantle cavity through the 
external renal aperute and finally it goes out with the outgoing 
current of water through right siphon. The exactory matter 
ocontains chiefly ammonia compounds, urea and uric acid. For 
conserving water, Pila converts ammonia into insoluble uric 
acid. 
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Fig. 6219 PH* Excretory 


In most of the gastropods, the digestive gland also forms and 
organ of excretion. These are eleminated by way of stomach and intestine. 


NERVOUS SYSTEM 

A well-developed nervous system, it possess two characteristics (i) except the visceral ganglia all other ganglia form a 
ring-like structure around the buccal mass (ii) due to torsion the visceral loop is twbted to form the shape of ‘8’. The nervous 
system of Pila includes the following ganglia, tbeir commissures and connectives: 

1. One pair of cerebral ganglia. 

2. One pair of buccal ganglia. 

3. Paired pleuro-pcdal ganglionic mass. 

4. One pair of viscera I ganglia. 
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5. Unpaired supra-intcslinal ganglion. 

1. Cerebral ganglia. A pair of large, flat 
and conical cerebral ganglia arc situated 
on the dorso-latcral sides of buccal 
mass. These arc connected together by 
thick, band-like cerebral commissure 
dorsally. In addition to this both these 
ganglia are also connected with each 
other by thin labial commissure lying 
below the cerebral cominissusc. 

Each cerebral ganglion is connected 
with the buccal ganglia of its side by 
cerebro-buccal connective and by pedal and 
pleural ganglia by a thick band-like cercbro- 
pcdal and cerebro-pleural connectives. All 
these connectives arc situated on the lateral 
sides of buccal mass. 

Anteriorly the cerebral ganglia give ner¬ 
ves to the skin of snout, tentacles and buccal 
mass. Posteriorly, they give nerves to ten¬ 
tacles. eyes and the statocysl. 
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2 Buccal gnnglia. They are Wo m number. They are sr.ua,ed on Ac dorso-l.l.r.1 sides of.be buccal mass 

K5U.TW U buccal ganglia arc com.ec.cd wr.h each other by a stout buccal *£ 

ventral side of the oesophagus behind the buccal mass. Each ganglion is also connected with ccreo g 
side by the cerebro-buccal connective. 

The nerves arc supplied from each buccal ganglion io the poslerio, pan of buccal mass and radular sac. 

3. Pleuro-pedal ganglia. A pair of large, somewhal Viangular ganglionK masse law".“..'s^'ttjbylhinlnolcb. 
(be buccal mass. Each one is formed by Ibc fus, on of an outer pleural,ad an macs ped al ■ P* 

The right plcuropcdal ganglionic mass also consists of lb. ,nfram,cs„nal ganglvn fused w.lb ^ ^ 

The wo pedal ganglia arc connected with each other by wo ptdal commissures ,™'riof ,„d posterior 

These commissures arc silnaled below the buccal mass. Many nerves •''*'*“ " c „ n „ [tlcd wi ,b each other by mfra 
parts of the pedal ganglion. Behind Ihc pedal c-ommessurrs the Wo pi«“»J |(ft nucbj| |obc , columella, nrnsdes and 

intestinal nenr.Thc left pleural ganglion gives off nerves to the tn.anlk.m P b “ ' • hl nuch ,| lobc.copul.loryorg.ns, 

the anterior pari of gill. The r.gh. pleural ganglion snppltes nerve* to pa.teul wall, ep.uenu. 

rectum, genital dud and columcllar muscles. ^ nch , wiy form the pleuro-pedal 

Supnr-intes.inal ganglion. I. is a fus.fnrm ganglion si.na.ed on the “'” (| '^mlg.^lionby .hid, nerves 

mass of Us side. I. is connected anteriorly to the left thrn nerve is known as 

and on its inner side (o the mb-inlcslinatganglm, of ri g ht sideby “ , 0 lhc manUc .nd the anle.ro. par, of the 

nerve. On its outer side the supra-intcstmal nerve issues 

spindle-shaped gang.-. It 

ZZ^^r^aiga^ion b, a Urin nerve, the ^a-.n.cs.ma^ccratconnc^ ^ ^ ^ 

. <■- ..uiirrml connective. 


4. 


ctcnidium. ii i;« at the base of the visceral mass. It 

5 The visceral ganglion. Il is fonned by the fusion of two and with supra-intestinal 

5 - sconce" w„b me ng,„ P ,era, gangly a Urin OIS . n . geniu. organ and o. me 

ganglion by the lef. sup.a-in.esinal visceral connectrve. K snppl.es 


stomach and digestive gland. 

SENSE ORGANS 

.. , - Ih , pa , orv ^iis but followings are special sensory organs: 
The en,ire exposed surface of Pi/o is provrded wrtb sensor, 
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1, Ospberldlum. A small ospbreidium is present in aquatic 
gastropods while absent in terrestrial snails It was specially 
described by Spengel (1881). Bernard (1890). Dental (1954). It «s 
unpaired in Pila and situated dorsoventrally on the roof of mantle 
cavity. It is bipectinate structure hanging like a curtain in the course 
of the respiratory water current. It consists of a specialized and 
usually elevated and ciliated region of the epithelium in which there 
is an accumulation of the sensory cells. The leaves of ospbendium 
arc arranged on both the sides ofacentrl axis. Each leaf is just like 
a double fold of the wall of central axis. 


ccnnJ 



Fig. 62-21 P.7a Oipfccnn.o. 



In a transverse section, the oshradium consists of an outermost 
covering of a single layered epithelium, internally lined by a r*n.ow r 
thin basement membrane, the interior filled up with nerves, 
connective tissue and blood spaces. The epithelial cells are 
elongated possessing basal nuclei, and they are of three types- 
(i) sensory, (ii) ciliated and (iii) glandular The ciliated cells 
line the attached margin, while the sensory cells devoid of |p#cf 
cilia cover the osphradium. The flask-shaped glandular cells 
arc found scattered among the sensory cells. 

Formerly it was regarded as a rudimentary gill, but it has ITj 

now been established that the ospberidium serves to test the 
chemical and physical properties of water. The osphredium 
helps in the selection of food material (Spenget). awwcc 
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2. Eyes. Two eyes arc borne on short sulks called om- Flf 62 22 /V. TS otCHpSertdi.m 

maiophores situated behind the second pair of tentacles. 




Fig. 6224 Pda. SUtocyU. 

Fig. 6123 Pila. tlLS of eye. In section the eye is in the form of a pyriform cup or optic veside. The outer 

epithelium of the eye-sulk continues over the eye forming the cornea or pellucid 
externa. It consists of a row of squarish cells devoid of pigments. Lying below the cornea is thick layer of connective tissue made 
up of fibres and nuclei. This layer encloses the pyriform optic vertc/er consisting of a transparent epithelium forming inner cornea 
or pel lucid a interna lying next to connective tissue. The ovoidal structureless lens occupies the central space of the veside. The 
sensitive part of the eye of the retina forms the outer coat of the veside made up of large cdls filled with pigment granules. 
Retina consists of large pigmented cells, which are of two types: (1) laigbe, broad cdls with hair-like processes on their outer 
ends, the visual cells and (2) the compress cells lying in between the visual cells, the supporting or packing celb. Both kinds of 
cells at the inner ends are connected with nerve-cells and branches of optic nerve, which enter the optic veside at its posterior 


596 


Pila globosa 


end. Internally, the retina is bounded by a basement membrane. 

The eyes otPila do not play an important role for sight. The snail seems to be unable to distinguish objects but only responds 
to the changes in the intensity of light and can detect quick movements. 

J. Statocysts. The statocysts are two pyriform sacs of CTeamy white colour lying posterior to the pedal ganglion of each side 
and are not innervated from these ganglia. These are connected to cerebral ganglia by a pair of slender statocyst nerves. The 
statocyst is filled with fluid and contains a single large sialolith or few to many smaller bodies called statoconia floating in 
the fluid. Formarly it was supposed to be the organ of bearing and hence it was called otocyst but it is proved that these are 
the organs of equilibrium ( Delage ). 

4. Tentacles. There are two pairs of cephalic tcntcles in Pila. The second pair of tentacles are rhinophore or olfactory organs. 

REPRODUCTIVE SYSTEM 

Pila is unisexual a well marked sexual dimorphism is seen. The shell of male is smaller than that of female. In male penis 
is well developed and the female has a more swollen body whorl than the male. 

Male Reproductive System. The male reproductive oigns comprises: 

1. Testis 

2. Vasa efferentia 

3. Vas deferens 

4. Seminal vesicle 


5. Penis 


/. 


6. Hypobranchial gland. 

7W,\ It is a single flat plate-like and roughly triangular whitish structure, occupying the upper part of the first two or 
n lic P s in Close associaU with 8 ,he brown,sh or greenish dative gland along ,«s upper and htr 

columcllar sides and appears quite distinct on 
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account of its creamy colour. A thin cutaneous 
membrane separates the testis from the shell. 

The germinal epithelium of testis produces two 
types of sperms: 

(i) Eupyrenc sperms. These are small and 
thread-like. Their body consists of a head 
and a tail. These are motile and fertilize the 
ora. They measure 25 \i long. 

(ii) Oligopyrene sperms. They are large semi¬ 
circular or spindle-shaped. The head is 
large and the tail bears 4 or 5 cilia. These 
arc non-motilc and incapable of fertilizing 
ova. 

2 Vasa efferentia. From the testis arise several 
delicate ducts called vasa efferentia. They unite 
towards the posterior edge of testis to form a 
common duct, the vas deferens. 

3. Vas deferens. The vas deferens commences 


penii.iheaih 



Pila. A—Male reprodaeilve orpaa, B-Cop«laiofy 
o.g»a. C—Sperm*. 
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from the posterior part of the testis and passes under 
the skin and is differentiated into two parts: 

(i) Proximal rubulr part. It forms posterior part of 
testis under the skin along inner side of the 
digestive gland upto the posterior renal chamber 
and finally turns towards the left toapproach the 
pericardium. Here it opens into the terminal 
glandular part of the vas deferenss. 

(ii) Terminal glandular pan. It is the distal thick- 
walled glandular part of the vas deferens which 
runs along the left side of the rectum into the 
branchial chamber and opens into it by male 
genital pore. The male genital pore is situated a 
little behind the anus to a daw-like projection 
of genital papilla. 

4. Seminal vesicle. It is situated on the right of the 
pericardium at the junction of the anterior and 
posterior renal chamber. It is swollen flask-shaped 
structure whose distal end is dosed. The seminal 
veside stores the sperms and opens into the vas 
deferens at the junction of its tubular and glandular parts. 

5. P„ls or CopuLdorj On ,he Ml side of the inner .urf.ee of.be m..tle. Mtb.UU *>•"<»'•' top of 

colour. It is.l1.chcd .long its right side but its left free edge is rolled to form spout-ltkc pems-shclh. Inside the .both is 

the penis. 

The penis is about 1.25 cm. long, provided with flagella arising from the roof of the manUe. It b slightly covered with swollen 
base and tapering end has a groove along its length on the inner side. It b capable of great extension. 

6. Hypobranchialgland. It b a glandular structure with pleated surface at the base of penb-sheath. The gland b without duct 

and. therefore, its secretions are poured directly upon its surface. • 

Female Reproductive Organs. The female reproductive organs are following: 



Fig. 62.26 Pita. A-FcbuI* reproductive tytlcB. B-r»di»e«uiy 


1. Ovary 


2. Oviduct 

3. Seminal receptide 

4. Uterus 

5. Vagina 

6. Copulatory organ 

7. Hypobranchial gland. 

1. Ovary. The ovary b present in the same position as the testb in the male. It b found in two or three whorls of the shell. It b 
orange coloured structure remains attached to the inner surface of the digestive gland. Branches of the ovary are single 
layered, flask-shaped structures with slender tubular necks uniting together to form minute ducts which open into oviduct 

2. Oviduct. The oviduct is a semi-transparent, narrow tube arising from the middle of the ovary and passing downwards along 
the margin of the digestive gland. Finally, it ascends upwards to receive the opening of receptoculum seminis. 

3. Seminal receptide. The small, bean-shaped receptoculum seminis or seminal receptide lies endosed within the cavity of 
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Ihe posterior renal chamber, closely attached 
ventrally to a thin-walled pouch from the walls of 
the uterus, called the pouch of the receptaculum. It 
is meant for storing the sperms received from the 
male Pila during Copulation. 
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4. Uterus. It is a large, yellow and pear-shaped struc¬ 
ture situated below the intestine in the body whorl. 

It is differentiated into a broad rounded basal part 
and a narrow tubular apical part. Seminal receptide 
opens into the basal part while apical part receives 
the vagin. 

Vagina. The terminal narrow part of the oviduct is 

known as vagina. It is a cream-coloured tube which Fig. 62.27 pda. Showing CopaUUoa. 
runs forward on the right side of rectum to open into 
the branchial chamber by female genu I aperture situated behind the anus. 

Copulatory Organ. The rudimentary penis is not enclosed within a well-developed penis sheath, but lies beneath a glandular 
fold of the mantle. It is a thin, flageller structure nearly 6mm. long and uniform in thickness but pointed at the tip. It also 
bears a rudimentary groove along its inner surface, like the penis of the male. 

Hypobranchialgland. It also represents the rudiment of the hypobranchial gland of mle as an incipient glandular thickening. 

Copulation. Snails breed during rainy season. Copulation takes place in the water of ponds or on their banks and continues 
for 3 hours or more. The penis becomes connected at the base with genital papilla at the end of the terminal part of vas deferens 
and along the sheath is inserted into the mantle cavity of the female snail, the tip of the penis enters the vaginal opening, an 
through Ibis connection the spermatic fluid is transferred to be seminal receptide of the female. 

Fertilization. Fertilization is internal but the development of the embryo ukespl.ee outside the body of female Ovation 
takes place two days after copulation. Female lays 200-280 eggs at a time in moist earth tn a sheltered cavity near ponds 

lakes. 


5. 


6 . 


7. 


Development. The eggs are rounded and as big as the pea-seeds. Each egg consists of an outer 
double shell membrane, a thick mass of solid white albumen and a IMe central mass SSSSSXli 

During development the visceral mass and the shell of embryo become sptrally coiled and a characterisbcpheno muion 
takes place resulting in the asymmetry of the body. Tbe young snails emerging from the eggs are stmil 
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ctphllic region b ndimenUry .od U* body * httnlly “"P"*" 1 

SYSTEMATIC POSmON 


Phylum 

CllSS 

Older 

Genus 


Molluscs 
Pdecypoda 
Eulamellibranchiata 
Umo or Anodonta 


DISTRIBUTION 

==s~=====s===s 

occur* dc*. 


HABITS AND HABITATS 

It b found in riven, strums l.kes >nd ponds. Durtng d.y lime il uswily lives perdy burned in mud or send .1 the bonom. 

It hardly covers 16 kilometres. ayearSexes are septate but there is no sexual dimorphism externally.^Development is .direct 
through a larval sUge and takes place in brood dumber, which are enlarged water tubes of female s gills. 


EXTERNAL FEATURES 

Shape and sbe. It is laterally compressed. It is elongated and enclosed and protected in a bivalve shell. The sire varies from 


V to 4’ in length. 

Sbdl 

A typical bivalve shell consists of two similar more or less 
oval usually convex valves which are attached and articulate 
dorsally with each other. Each valve bean a dorsal protuberance 
called the umbo which rises above the line of articulation. The 
umbo is the oldest part of the shell, and the concentric lines around 
U are lines of shell growth. The two valves are attached by an 
elastic protein band called the hinge ligament, which is covered 
above with the periatracum. The hinge ligament is so constructed 
that when the valves are dosed, the dorsal part b stiatched and the 
ventral or inner part b compressed. Thus, when adductor musdes 
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Unio 


relax, the ligament causes the valves to open. The 
inner surface of each valve possesses dorsally 
along the hinge line, small sharp ridges and teeth- 
like projections separated by groove or sockets. 

These arc called hinge teeth. The teeth of one 
valve fit into the corresponding sockets of the 
other to prevent lateral slipping. However, a dor¬ 
sal fold of mantle tissue still lies between the 
tooth and socket of two opposing valves. 

The valves of the shell are pulled together by 
two large dorsal muscles, called adductors. The 

posterior muscle being larger than that of the pnnaor 

anterior. Near the impression of the anterior ad- “ mu»ck 

ductor muscles are two small impressions, the F)g 63 2 tW later view of icftUcil. 
dorsal and posterior one left by anterior retractor 

muscle and a ventral and posterior by protractor muscle. A small impression of a posterior retractor muscle also lies dorsal to 
the impression of posterior abductor muscle. 

Running parallel to the ventral margin of the valves from one adductor impression to the other is a thick line known as 
pallalial line, which is caused due to the insertion of muscle fibres from the edges of the mantle. 

Microscopic structure of shell: The shell consists of three distincl layers: 

1. Priostracum. It is the outermost thin tmslucent and greenish brown layer formed of a special chitinous substance, the 
conchiolin. The colour of the shell is due to this layer. It is secreted by the edge of the mande and is a protective layer for 
the underlying calcareous prismatic layer which otherwise can be eroded out by the action of carbolic acid of the surrounding 
medium. The periostracum is worn away 
from the older part of the shell, like umbo, 
leaving the prismatic layer exposed to the 
exterior. 

2. Prismatic layer. It is the middle layer and 
is cryslelline. It is made up of calcium 
carbonate separated by thin layers of con- 
chiolin. It is arranged perpendicularly to 
the surface of shell. It is also secreted bom 
the edge of mantle. 

3. Nacreous layer or pearly layer. It is the 

innermost layer of shell also known as the 
mother of pearl or nacre, since it presents 
a smooth, iridescent surface. It is secreted 
by the whole outer surface of mantle and is 
in the form of alternative transverse layers 
of CaCO 3 and conchiolin. The layer of both U* 

the types run parallel to the shell surface.. 




Formation of shell . . „ . , K _ 

The shell is made op of calcium — (S W ~ 

conchiolin. Two .heories have been proposed regarding ihe fonn.iK.1. of shell. 

deposits like that of formation of teeth and bones in higher vertebrates. 
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2. Reaumur - Eisioz V*ory. According to Ibis ">'*0' s £"^ ( °™dcpocWoo or .bell. 
It it f°™«l b V oifatc c^ a rcou s |« n .cl a wh.ch^»fa^^M J £ |imc P &om blood , which u the m.ln 

sr;:;" 

the lines of growth. t , .. ... 

surface secretes the remaining calcareous cells. 

Mantle 

When the shell is removed, the rot, bod, of the .nim.l 

SHSHssKsfess 

pore. Histologically, the manUe consists of: 

1. An outer layer of columnar epithelium beset with numerous unicellular glands secreting nacre. 

1 A middle fibrous connective tissue. 

3. An inner ciliated epithelium containing mucous secreting cells. 

Mantle cavity or Palllal cavity 

The sp.ee enclosed be ween the two lobes of nuntle is called mande cwKy. It encloses vrser.1 m.ss, gills, foot etc. wblcb 
are exposed when one fold is removed. 

m Visceral mass. It occupies the dorsal part of the mantle cavity. It is dark in colour and contains various organs such as 
digestive system, circulatory system, excretory system and reproductive system. A greenish-brown digestive gland is 
present in the antcrio-dorsal region. A pericardial cavity containing the heart in the mid-dorsal region and a dark coloured 
paired kidneys below the pericardium. 

(ii) Gills. Gills arc a pair of long. thin, double plate like structures, which hang hin * c ^ g -. __ _ 

freely into the mantle cavity on each side from the visceral mass. There 

is sieve-like arrangement in the gUIs with minute apertures, covered by f ^ 

cilia. The line of attachment of the gills to the visceral mass forms a f _. # _\ 

horizontal partition dividing the mantle cavity in a large ventral infra- ^HE*! 

branchial chamber and a small dorsal suprabrancliialot cloaca!chamber. “ /| 


(iii) Fool The foot is a muscular structure projecting from the ventral surface. 
Its size and form arc very variable depending upon the life of the animal. 
The mass of the foot is invaded by a portion of viscera, at least the 
alimentary canal and liver superficially the gonads in the life of animal. 

(iv) Head. A distinct head is absent in Unio. The eyes and tentacles are also 
absent. The large mouth opens beneath the interior adductor muscle. It is 
boarded by a pair of broad, lamellar labial palps on each side. 

\ 

LOCOMOTION 

The locomotion is performed by muscular foot It is effected by a combination 
of blood pressure and muscle action. Engorgement of the foot with Mood, coupled 
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Fig. 63.4 Unio. pUgramiric, TS. 


with the action of pair of pedal protractor muscles, produces extension. The water in mantle cavity and the blood act as a 
hydrostatic skeleton. The pressure of these two fluids is eleavted by the adducted valves. Blood from the visceral mass is forced 
down into the pedal haemocoel. causing the foot to dilate and anchor into the sub-stratum. 

Withdrawl of the foot is effected by the contraction of an anterior pair and a posterior pair of retractors, which art also 
attached to the foot and shell. The scars of the pedal retractors are situated just above those of adductors. 


COLELOM 

Coelom is greatly reduced due to the development of connective tissue, unstriated muscle-fibres and blood-sinuses. Coelom 
is a haemocoel. filled with blood. It is represented by three small cavities: (a) a single ovoidal chamber, called pericardium, 
which is situated dorsally and in it. heart is located, (b) the cavities of the kidney or urocoel, (c) gonocoels or cavities of gonads. 
Originally, all the three were intercommunicated but 
due to gradual separation, the cavities of the gonads 
are completely separated, while the cavities of kid¬ 
ney and pericardium are inter-communicated. 

DIGESTIVE SYSTEM 


The digestive system comprises of alimentary 
canal and a paired digestive gland. 

I. Alimentary canal. The alimentary canal is 

complete. It is a coiled lube of varying diameter “"W'eurii 
and starts from mouth and terminates into an **"* ,on pc4.i 
anus. Buccal cavity, jaws, radula and salivary I*"* 1 ' 0 " 

glands are absent 
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1. Mouth. The mouth lies at the anterior end of the _ 

visceral mass just below the posterior border of the anterior adductor muscle. It is bounded on either side by two soft. Oat 
triangular flaps called the outer and inner labial palps. The outer palps of the two sides unite above the mouth to I&om the 
upper lip. The inner palps of the two sides likewise fuse below the moulh to form lower lip. The outer surface of the palps 
is heavily ciliated. The mouth leads into the oesophagus. 

2. Oesophagus. The oesophagus is . short, wide ciliated lube, which lead, into stomach. The n dul. is .bsen. >s it is useless 
for the animal since it feeds on minute organisms. 

3. Stomadi. The stomach is » wide .bick-w.Ned rounded ssc. silu.ied dorsally in the visceral m.ss and.? 

digestive glands. The stomach is produced into a pouch-like outgrowth known as pylonc caecum. It conutos *' 
gelatinous flexible rod called the cry,,alii* style. It has pro.einous matrix deposited with amylase which 
splitting enzyme. The style ron.es due to cilia of the stomach and brrngs about .be tmxtng of enzymes with food, 
crystalline style is secreted by the cells of the stomach and is contained in a style sac. 

1 “rT 


5. Rccium. It is the terminal part of intestine which starts from pericardium and runs 


for a short distance before opening finally 


through the anus in the cloaca! chamber. Internally the rectum has a ridge, the typhlosole. 

6. Anus. The anus is situated on an anal papilla just above the adductor muscle. 

II. Digestive glands __ 

The digestive glands ... a pair of 0 ^,"^ 

particles in addition to the secretion of enzymes. These cells mlracelluiariy g 
carbohydrates. 
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Unio 

Food and reading. Fitshwaler mussel is « cilury feeder, feeding upon micro-o^enisms .ndorg.nic debrhwhid lUffl tatd 
from the respiratory nutritive current of w. ter drawn into tnsntle cavily. A continuous current of w *“ , “ 
the action ofliteralcilia of gill filaments. As the water current enters the mantle cavity through the mhrient siphon it slows down 

-own over Ute gil. surf.ee, ntese me rentoved to Ute edge of nt.nUe wb« 
bsde sod arc eepelM out The lighter food particles get entangled into the mucus secreted by the gflU. 
alia of labial palps, the mucus is drawn towards mouth. The particles of food which cannot be digested are dropped down mto 
the mantle avUyVwheress the digestible particles are pushed into the mouth along the deep ciliated grooves between the labial 

palps- 


DIGESTION 

The digestion is intracellular. Food from the stomach 
enters the digesUve gland, the cells of which readily ingested 
and break down solid particles. Protein and fat digestion is 
exclusively intracellular, and the cells of gland also absorb 
carbohydrates. The only extracellular enzyme is the car¬ 
bohydrate digesting enzyme (amylase) released in the 
stomach by the dissolution of the cryslelline style. The style 
pouch is lined with cilia, the beating of which rorates the 
style and moves it forward with the result that its free end 
constantly rubs against a particular portion of the stomach 
wall and its head is worn away getting mixed with stomach 
content Digested food diffuses from the gland into the Wood 
for distribution. 



Fig 6) 6 A Khcoutk tccdoc of ibe Bind tko wlagihe respin lory or B*“- 

W.ki iibei hive bee. capoMd. whcicu. ** port* .ft highly aagalflcd. 


Undigested food particles are sent back into the 
stomach, whence they pass into the intestine and them into the rectum by cilury action. Function of intestine or rectum is not 
properly understood. They may absorb water from faecal matters. From the rectum the faeces is passed through the anus into 
the cloaca, which it leaves with the outgoing current through exbalanl siphon. 


RESPIRATORY SYSTEM 


The respiratory organ in Unio are a pair of gills or ctcnida and mantle. 
l.Ctenldlaorgilb 

There are two gills that hang in the mantle cavity, one on either side between the mantle and visceral mass. The gills are 
plate- like hence they are called lemellibranchs. Each gill has a central axis and plate like structure on either side. Hence the gills 
are called bipectinate gills. 

Each gill is a W-shaped structure. It consists of two plate-like structures called laminae. One lamina is situated on the inner 
side called the inner lamina and the other is situated on outer side and is called outer lamina. Each lamina is V-shaped structure 
and formed of two vertical plates called lamellae. The outer one is called outer 
lamella and the inner one is called inner lamella. The outer and inner lamellae are 
united together at their anterior, ventral and posterior edges, but are free dorsally. 

Each lamella is formed of a series of vertical filaments called gill filaments. The gill 
filaments of the two lamellae of a lamina are continuous at the free ventral side. The 
gill filaments are joined to one another by horizontal bars called inter-filamentar 
junctions. Two lamellae of a lamina are joined together by inter-lamellar junctions. 

The inter-lamellar junctions divide the cavity lying between the lameUae into vertical 
chambers called water tubes. Dorsally all the water tubes open into a large cavity 
called supra-branchialchamber. This chamber communicates to the exterior through 
the exhalant siphon. The portion of the mantle cavity lying below the gill is called 
infrabranchial chamber which communicates to the exterior through the inhalant 
siphon. The lamellae are perforated by minute openings, the ostia. They are located 



Fig. 63.7 Unio. Highly oig.lficil gill. 
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between the gills filaments and inter filamentar junc¬ 
tions. Through ostia, water tubes open into the mantle 
cavity. 

Each gill filament is covered by a layer of ciliated 
epithelial cells. Internally the gill filament is sup¬ 
ported by cbitinous rods. 

Attachment of gills 


Umellar function 

o* e, ]j' n fill fitameali / o*u*n 

F»g. 63.8 Jmo TS of outer gill Uracil*. 
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The mode of the attachment of the gills is very 
peculiar, as it determines the course of the watcr-cunent in the body. The outer 
lamella of the outer lamina is attached to the manUc along the whole length by 
its upper edge from anterior to the posterior end. Inner lamella of the outer 
lamina and the outer lamella of the inner lamina are attached to the sides of the 
visceral mass a little below the origin of the mantle by dorsal edges. The inner 
lamella of the inner lamina is attached to the visceral mass in the anterior 
region, but is free in posterior region. Behind the posterior margin of the 
visceral mass inner lamella of inner lamina is also attached to its fellow of the 
opposite side. The inner lamina are attached together by their dorsal edge to 
ihc posterior adductor muscles on the sides of the visceral mass a little below 
the origin of the mantle. The outer lamella of the outer lamina is attached to 
the whole length of the mantle. The cavity between the upper edge of gill- 
lamella and the upper part of Ihc mantle is called supra-branchial chamber, 
which continues posteriorly with the cxhalent siphon. 

Blood supply 

The gill receives venous blood front the kidney by the afferent branchial 
vessels and Ihc oxygenated blood is conveyed to the heart by efferent branchial 
vessels. 
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Course of Wuter current 

Beating of cilia of the gill filaments draws a continuous 
current of water into the infra-branebial chamber through the 
inhalcnl siphon. From here it enters the gills through ostia. Inside 
the gill, the water fills in the watertubes and flows out into the 
supra-branchial chamber arc dorsal to each gill lamina and open 
posteriorly into the cloacal chamber. The water finally leaves the 
cloacal chamber through cxhalent siphon which discharges water 
to the exterior. 

CIRCULATORY SYSTEM 

The circulatory system of Union is said to be open type 
because the capillaries are absent. The circulatory system com¬ 
prises three parts. 

1. Heart 

2. Blood Vessles 

3. Blood 



Unio 

1 Heart. The heart is situated dorsally near the posterior adductor muscle. It is 
enclosed in pericardium. The pericardium is a thin- walled triangular cham¬ 
ber. It is lined by epithelium and is filled with a fluid and represents a part of 
coelom. It is communicated with the supn-bronebial chamber through the 

kidneys. 

The heart is three chambered, having two auricles or atria and a ventricle. Tlie 
auricles are thin-walled, highly distensible, triangular chambers one on either side 
of ventricle. They arc attached by their broad bases to the pericardium and open 
dorsally into the ventricle. Each auriculo-ventrkular aperture is provided with a 
valve that opens towards the ventricle and prevents the backward flow of blood. 
The ventricle has the form of a horizontal tube and surrounds a part of rectum. 

The heart consists of smooth muscle-fibres covered externally by an 
epithelium called the epicardium. Endocardium is absent. The heart beats 20-100 
times per minutes. 

2. Blood vessels. The blood vessels comprises the (i) arteries (ii) sinuses (in) 
veins. 

(i) Arteries. From each end of ventricle arises, the anterior aorta passing 
above and posterior aorta below the return. The anterior aorta supplies to the 
anterior parts of the body i.e. mantle, foot and viceral mass 
by anterior pallial, pedal and visceral arteries. The 
posterior aorta supplies to the posterior parts of the body 
i.e. rectum, mantle, nepbidia, pericardium etc. by rectal, 
posterior pallial, nepliridia, pericardial arteries. 

(ii) Sinuses. The arteries ramify all the organs and 
finally empty into sinuses. From small sinuses blood is 
returned by larger sinues. The sinuses lack the epithelial 
lining of true blood vessels and connect directly with 
veins. 
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(iii) Venis. Blood from different parts of body is 
collected by many small veins in the end it reaches the 
large vein called vena cava which is placed longitudinally 
in the body. The vena cava is situated below the pericar¬ 
dium and between the kidneys. The blood from vena cava 
is send to kidneys by the renal vein, here nitrogenous 
wastes are removed. Blood from kidneys is sent to the gills 
for aeration by afferent branchial vein. Which gives off 
branches to all the gill-filaments. The oxygenated blood is 
sent to the auricles by efferent brancltaial veins. Some 
deoxygenated blood is also sent directly to the auricles by 
vena cava. Blood from each mantle lobe is collected by a 
pallial vein, which also opens into the auridc of its side. 
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3. Blood. The blood consists of plasma and corpuscles. 

The plasma is colourless in some species where as faint blue in others due to presence of haemocyanm. a respiratory pigment 
The cospusclcs are colourless and amoeboid hence called the leucocytes. Some arc granular other non-gronular. Blood helps 
in transporatation of food, oxygen, carbon dioxide and waste products, corpuscles help in phagocytosis of microorganisms. 

Course of circulation. The auricles receive the purified blood and the ventricle pumps it to the various body organs in both 
forward and backward directions. The various veins and sinuses collect the blood from body organs and carry it to the kidney 
»nd gills for purification. The course of blood is again carried to the auricles. The course of blood circulation can be shown as 
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under: 


EXCRETORY SYSTEM 

In Unio followings are the excretory or¬ 
gans: 

6 pe4*J 

1. A pair of kidneys or organs of Bojanus * /TUTy 

2. Keber’s organ 
I. Kidneys 

The kidneys or organs of Bojanus (after 
the name of their discoverer) arc situated 
below the pericardial cavity on either side of p ““ l 

vena cava. These are brownish-black in 
colour, fl/ac* discovered these structure which p '* 6313 
are coelomic in origin. Each nepbridium is a 
broad. U-shapcd tube with its loop posterior, two 
ends anterior and two limbs situated purallel and 
one above the other. The lower limb of the tube is 
brown, spongy, thick walled, glandular in nature artciy u> _ 
and forms the actual exactory part of the kidney I 
proper. The upper limb is non-glandular lined by 1 uwty 

ciliated epithelium and is thin-walled and serves as wbody /A 

ureter or urinary bladder. The kidney proper opens // 
into the pericardium by a small, ciliated aperture I 

known as rcno-pericardial aperture. The ureter /L 
opens into the supra-branchial cavity by a small 
renal aperture between inner gill lamina and vis- 
ceral mass. 
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The ventral glandular part of the kidney ex¬ 
tracts nitrogenous products and guanin from the 
pericardial fluid and the blood. The ciliated 
epithelial lining of the bladder creates an outgoing 
current, which carries excretory fluid to the out¬ 
side. 
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2. Keber's Organ 

Keber’s organ is a large reddish- 
brown gland situated in front of 
pericardium. It discharges waste 
products in the pericardium, whence 
it is dominated via kidneys. 

NERVOUS SYSTEM 

Due to sluggish, sedentary life, 
the nervous system of Unto is greatly 
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Unit > 

reduced. Il consists of three pairs of ganglia, connectives and 
commissures. These are: 

1. Cerebro-pleural ganglia 

At the base of the labial palps, just outside the comers of 
the mouth on cither side, is placed a small yellowish, some¬ 
what triangular cerebropleural ganglion. Each is formed by 
the fusion of two gnaglia a cerebral and a pleural. The ganglia 
of both the sides are equivalent of the brain. They are con¬ 
nected with each other by a thin transverse cerebral commis¬ 
sure. which passes over the oesophagus. Each cerebro-pleural 
ganglion gives out - (i) an anterior adductor netve to the Flf 611S 
corresponding muscle, (ii) a labial nerve to the labial palp, 
and (iii) an anterior pallial nerve to the anterior part of the mantle. 
Besides, each ganglion gives off two conspicuous connectives, a 
ccrcbro-viscera I connective which runs posteriorly to unite with the 
viseral ganglion of that side, and a cerebro-pedal connective which 
passes ventrally into the foot to unite with the pedal ganglion of the 
same side. 

2. Pedal ganglia 

The pedal ganglia are situated in the foot about 1/3 from its 
anterior end. They arc present above muscular part and below the 
visceral mass. Both the pedal ganglia arc closely associated so as to 
form a bilobed mass which supplies the nerves to the fool, its 
muscles and the statocysis. Each pedal ganglion is connected to the 
cerebro pleural ganglion of its side by the cerebro-pedal connective. 
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3. Visceral ganglia 

A pair of visceral ganglia are situated mid-ventrally on the posterior 
adductor muscles. The visceral ganglia are fused together to form a flattened, 
somewhat rectangular mass. On each side, the visceral ganglionic mass gives 
ofT (i) a dorsal pallial netve. (ii) a posterior pallial nerve to the posterior part 
of the mantle, (iii) a posterior renal nerve to the kidney, (iv) branchial nerve 
to the gill. It is connected with the cerebropleural ganglion of its side by a thin 
cerebro-visceral connective which gives off several small nerves to the visceral 
mass. 



Autonomous nervous system. Recently, EJ. Thomas (1974) has worked y 

out anatomy of Lamcllidtns and has reported presence of minor ganglia in the chief musdes and has suggested that they arc 
autonomous. 


Sense Organs 

The sense organs are poorly developed due to sedentary mode of life. The main sensory structures are (i) Statocysts (ii) 
Ospharidium and (iii) Sensory cells. 

1. Statocysts 

The foot contains a pair of minute hollow vesicles, the statocysts, one dose to each pedal ganglion. They are innervated by 
the c^ebropedal connectives. The statocyst is lined by sensory cdls and contains a mass of lime, called sunoliih, the movement 
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of which stimulates the sensory cells. The statocysts are thought to be 
organs of equilibrium. 

(ii) Ospharidium 

A pair of dark yellow masses of sensory epithelial cells are found at 
the base of gills on the ventral surface of the posterior adductor muscle 
and above the visceral ganglionic mass. The ospbcridium is a 
cbacmorcccptor as it tests the chemical nature of water entering the mantle 
cavity by way of the inhalant siphon. 

(ill) Sensory cells 

There arc also other light responding devices found in the edges of 
mantle lobe and abundant on the inhalant siphon. They are regarded to be 
tactile organs and arc also sensitive to light 


REPRODUCTIVE SYSTEM 

The Unio is dioecious i.e. sexes are separate. The reproductive organs 
consist of the gonads and their ducts. 

Male reproductive organs. These consist of a pair of testis which are 
white-coloured, highly branched, glandular masses situated in the visceral 
mass between the loops of intestine. From each testis a vas deferens arises 
which opens into the supra-brancbial chambers by male genital pore 
situated in front of rcncl aperture. 



Female reproductive organs. These are a pair of pink coloured glan- Fig. Ur " 

dular mass of branched tubules occupying the same pasibon oviduct wbicb opens by female genital 

male. These become greatly enlarged during breed,ng seas.*. 
aperture situated in front of renal opeoing. The accessory r p 


The eggs arc fertilized in the outer gtll hMelk come ou, of the body of male body along 

the water lubes of the outer gill-laminae and are held ,b< ” ** *''female^brougb the incurrent siphon with water current 
with outgoing current of water. Some of these reach Ore gtll lamrnae of.be female hr 

and fertilize the eggs. 
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Development 

The fertilized ovum undergoes segmentation. The 
cleavage is complete (boloblaslic) but unequal. A hollow, 
spherical embryo, the blastula with a fluid filled cavity the 
blastococl is formed. The bigger blastomeres are called mac- 
romeres and the smaller ones, micromeres. In gastmlation 
some of the macromeres are invaginated, resulting in the 
formation of an exceedingly small cavity, the archaaeron. 
Later on there is an extensive invagination of maaomeres 
which very greatly reduces the blastocoelic cavity. This is the 
rudiment of shell gland. Some large cells are budded ofT into 
the blastococl, where they aggregate to form mesoderm. The 
invagination of the maaomeres which constitute the rudiment 
of the shell gland, marks the dorsal surface of embryo, while 
the posterior end is marked by a tuft of cilia. The cells of the 
shell gland, which arc tall, columnar, seaete an unpaired shell. 
Later arises a shell consisting of two valves, which are more or 
less triangular in appearence and have their ventral ends sharp¬ 
ly incurved to form hooks that bear spines. The mass of cells 
consisting the embryo is divided into two on the ventral aspect, 
but remains undivided dorsally. The two ventral halves are the 
rudiments of mantle lobes. These bear peculiar brush-like sense 
organs. A long, thread like adhesive organ, the provisional 
byssus appear on the ventral surface of the body. The 
mesoderm produces a large adductor muscle that stratches 
between the two valves of the shell. While in the lamina, which 
serves as a brood pouch the larva, called glochidium, is 
nourished by the secretions of laminar wall but on escaping 
from the body of mother through the cxbalent siphon, it starts 
leading an ectoparasitic life on the body of some fish, which b 
persisted till its metamorphosis into adull The glochidium is a 
minute larva 0.1-0.5 mm wide. 
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Fig. 63.21 Jmi*. Three Mages la actinorpfeosU. 


Metamorphosis 

After some time the larva undergoes metamorphosis, which, as usual, consists of drastic structural alternations in the 
organisation of the body. The byssus and sense organs disappear. The mouth and anus are formed. Formation of mouth is formed 
by the invagination of ectoderm behind the byssus giving rise to stomodaeum, but no proctodaeum is formed, the anus formed’ 
by the perforation of poeterior end of the archenteric cavity and the overlying ectoderm. The foot arises as a projection from the 
mid- ventral surface behind the mouth and on either side of it are formed the rudiments of the gills. 

The glochidium continue to lead its ectoparasitic life to the end of its larval period, after the completion of meUmospbosb 
it leaves the host and begins its independent life, growing on the adull state. The time taken by larva to metamorphose into little 
clams is about 10 weeks. 

Significance of glochidium 

* Glochidium is an ectoparasitic larval stage on a fish host It helps in dispersal, protection and means of nourishment 
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SEPIA 


Sepia comes under class Cephalopoda in which the fool is transformed into dra.m-orml appendages completely surrounding 
the head and the epipodium is modified term as funnel or siphon or exbalent muscular tube. 

SYSTEMATIC POSITION 

Phylum - Mollusc* 

Class - Cephalopoda 

Subclass - • Dibranchiata 

Order - Decapoda 

Genus * Sepia 


DISTRIBUTION 

Sepia is commonly called cutUe fish. It is cosmopolitan in its distribution and b more common in warmer seas like 
Mediterranean, Indian ocean, Pacific etc 


HABITS AND HABITATS 

Sepia is a marine mollusc It inhibits shallow waters usually living between stones and in crevices of rocks but often burrows 
in sand. 

• 

It b a good swimmer. The swimming movements arc forward and backwards by the fins and funnels. It feeds on crustaceans 
and fishes. It b capable of colour changing. When followed by an enemy, it discharges into water ink from the ink gland. Sexes 
are separate. Breeding occurs in summer. 

EXTERNAL FEATURES 

Shape and six*. Sepia has a fishy, bilaterally symmetrical and dorsoventrally flattened body. The anterior and posterior 
ends of the body, infact, represent the dorsal and ventral ends due to much elongation of dorso-ventra! axis of the body. The 
body- colour b brownish and it b about 20 cm. in length. 

The body b divbible into three parts: 

1. Head 

2. Neck 

3. Trunk 

1. Head. The head b almost globular in form. It bears a pair of large, highly developed eyes at the sides and mouth at its free 

end. Hie mouth b surrounded by five pahs of muscular processes. These are differentiated into four pairs of short and stout 

annrand one pah of long tentacles retractile into Urge pits at their bases. When extended, they are about 2/3 of the length 

of the body. They have strongly convex outer surface and Oat inner surface The inner surface bears four longitudinal rows 
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of suckers. Each sucker is a muscular, shallow cup with a narrow, 
horny rim and supported on a short, thick stalk. The tentacles bear 
sucker on their expanded dub-like lips only. The tentacles arc used 
in the capture of prey and in copulation. The left arm of the fifth 
(posterior) pair is slightly modified in the male. The moification 
simply pertains to the loss of some of the suckers. This arm is called 
as hectocotylized and is used for transferring spermatophores into 
the mantle cavity of female. The arms, tentacles and the head 
proper are collectively called cepbalopodium. Some workers 
regard arms as the main parts of the foot. 

However, it has been suggested that arms should not be described 
as modified parts of foot but as cephalic appendages. According to this 
view, the funnel or siphon should be regarded as the molluscan foot, 
hence the name Sipbonopoda has been suggested by some authors. The 
funnel is situated on the posterio - ventral side behind the head and is 
regarded a modified part of foot 

2. Neck. It connects the head with trunk. It bears a funnel which opens 
to out side by a narrow aperture and by a large aperture into manUe 
cavity. 

3. Trunk. The trunk is elongated somewhat flattened and shield- 
shaped. Its broad base is directed orally and the pointed apex 
aboally. It is bordered by a narrow fin on either side which helps 
in locomotion at leisure. One side of trunk b darker, slightly 
convex and hard due to the presence of shell inside. 


Mantle 

The mink is covered by . ibick fold of nun.le whkb 
towards the oral surface in a ridge around the neck. 

retracted. Posteriorly the ridge forms a large cavity bounded by the tn.nde 
called the manUe cacity. later contains the entire viscera. 

Funnel 

Below the bead lies a large conical muscular tube, the funnel or siphon 

important part in locomotion. 

Skin 

Fla, contractile, pigmen.-containit* «..£ 
in the deeper layers of .be moment over „ du , c \ ^ 

elastic membrane from which on ^ ^ ^ kinds reddish, yel- 

surrounding tissue. The c P detailed by the contraction of 

asrear- —- 
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chromatophpores. a number of cells, the iridocytes ' are 
present in the integument which cause the peculiar irides¬ 
cence in addition to the vivid colouration caused by the 
chromatophores. 


The shell is internal and is called the cuulebone or ^ 

sepiosiaire. It is enclosed in a sac of mantle on the anlenor / // \ \ ^ PTT'i 

surface of the trunk. It is secreted by the sac itself. It is flat / f V \ X / V \ 

and roughly oval in form with rounded oval end the / I N 1 t 

posiracumtxxd a pointed aboral end, which has a sharp spine 4 ^ ^ ^ 

or rostrum. Fig. 64 J Sepia caioauupkort. —coa c 
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These are often called the sea-foam. 

MANTLE CAVITY 

II is . Urge spset enclosed between Ibe trunk .nd Ibe ntsntle on U>e .enlr.1 side, li b closed on .11 Ibe 
side, where il communicta with Ihe exterior by two passages ..round Ibe neck, the pallul .perture and a large lube-like funnel 
or siphon. The funnel has a wide internal opening and a 
narrow external opening. Basally, on its ventral surface, 
the funnel bears a pair of cartilaginous sockets, called the 
funnel* infundibular cartilages. Opposite them, on the 
internal surface of the reOected mantle folds, are seen a 
pair of oval cartilaginous knobs, the mantle cartilages. 

Similarly, the dorsal surface of neck carries the nuchal 
cartilage, which fits against the dorsal cartilage on the 
mantle. By enlarging the manUe cavity, the Sepia draws 
water into it through the pallial aperture. When the 
mantle cavity is reduced, the mantle and infunfibular 
cartilages gel interlocked to dose the pallial aperture, morale «mU*« 

Therefore the water leaves the mantle cavity through the 
funnel. The funnel is guarded by a (lap-like valve that hver 
opens out wards. 
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The whole of the mantle cavity is occupied by 
visceral mass having various organs. The digestive gland 
is situated anteriorly on either side of the retractor 
musdes of head and funnel. There is a pair of plume¬ 
shaped ctenidia situated posteriorly in the mantle cavity. 
Between the ctenidia is found anus. On each side of the 
anus there are thin openings of renal sac called renal 
pores or apertures situated on renal papilla. On the left 
band side is the opening of genital aperture also situated 
on a papilla, penis is in the male and oviduct is found in 
female. On the mantle wall where neck joins the trunk 
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Fig. 64.4 Sepia. Skowiag dicen. 


are situated two large stellate ganglia one on each side. 

Posteriorly behind the nidamental glands is found an ink-sac which contains ink made of melanin pigment The duct of the 
ink-sac, runs forward ventral to the rectum and opens it dorsally dose to the anus. In male Sepia, testis is situated covered by an 
ink-sac while in female renal sac are invisible as they are bidden by nidamental glands and a pa ir of accessory inidamental gl ands. 
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LOCOMOTION 


Sepia exhibits two types of locomotion. They are: 

(i) By fins 

(ii) By the funnel 

(i) By fins. The fins which are fringed along the lateral margins of body. The fins bring about swimming by their 
undulations. 

(ii) By the funnel. The funnel or siphon brings about backward darting movements. During this 
movement, the mantle cavity is filled with water. When the mantle contracts, the pallial 
aperture closes due to interlocking of the mantle and infundibular cartilages and this expels 
the water from the mantle cavity through the funnel as a jcL As the jet of water is forced 
forward, the animal is pushed backward. The animal can dart forward also by bending the 
siphon backward. 

COELOM 

It is a pouch being divided into oral and aboral parts by a constriction. The oral is the anterior 
part or pericardium in which heart is enclosed. It communicates with the cavities of the kidneys or 
renal sac by a pair of rcno-pcricardial apertures. The aboral part forms the gonocoel which encloses the gonads. 



DIGESTIVE SYSTEM 
The digestive system consists of 

1. Alimentary canal 

2. Digestive glands. 

1. Alimentary Canal. The alimentary canal starts from mouth and 
terminates into anus. Mouth is present among the oral arms and is 
surrounded by a thin, fleshy circular lips beset with numerous papil¬ 
lae. Two jaws arc located in the lips. The jaws have somewhat the 
appcarcnce of the beak of a parrot. The month leads into a large 
Ibkrk-wallcd, muscular buccal cavity or pharynx. Buccal cavity 
contains on its floor the odontopbore and the radula bearing 
numerous minute, homy teeth. The buccal cavity leads into the 
oesophagus, which is a long narrow tube. It runs straight towards the 
aboral end. passing between two lobes of liver. The oesopbegus 
opens into a rounded thick walled muscullar bag. the stomach. The 
stomach is followed by the tubular intestine. At the junclion of 
stomach and intestine, a wide, curved sac opens into the alimentary 
canal. It is known as caecum. The intestine runs forward into a 
rectum. The rectum opens into the manUc cavity by anus. A pair of 
leaf-like anal- valves project at the sides of anus. Tbeir function is 
uncertain. 

2. Digestive glands. The glands associated with alimentary canal are: 

(a) Salivary glands. A paired salivary glands are present in the head 
behind the cranial cartilage. A salivary duct leds inwards from 
each gland and joins its fellow from the opposite side to form 
medium salivary duct which opens into buccal cavity. The 
function of salivary glands related to saliva has not been mis- 
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named because tbeir secretion is used to paralyse the prey hence these should be called poison glands. 

(b) Liver. It is a large brownish organ extending 

from the vicinity of the salivary glands nearly 
to the a bora I end of the body. It consists of two 
partly united right and left solid glandular 
portions, each of which is provided with a duct 
opening into the cavity of the alimentary canal 
opposite the point where stomach, caecum and ^ ^4 

intestine meet fi*. 64.7 S^LS.offkgu*. 

(c) Pancreas. It is composed of numerous minute 
vesicles that surround the hepatic ducts and open into them. 

(d) Ink gland. An ink-gland is situated in the ink-sac. Ink-sac is a pear-shaped gland situated below the thin integument of 
the anterior wall of the manUe cavity. It opens by a duct dorsally into the rectum close to the anus. The ink-gland secretes 
a brown or black fluid or ink. It contains a high concentration of melanin pigment and is stored in the ink sac. When 
startled, the cuttle Fish discharges the ink. which mixes with water in the mantle cavity and passes out through the funner! 
as a dark-cloud, under the cover of which the animal escapes from an enemy or approaches a prey. 

Food. Food of Sepia consists of crustaceans eg., prawn and shrimps, molluscs and small fishes. Prey is caught by the 
protrusion of the tentacles. The prey is attached to the tentacles by the suckers and drawn in within the reach of the arm. Jaws 
which are situated in the mouth help in crushing the food, radula in grasping the flesh and in swallowing. A pair of salivary 
glands is also situated in Sepia. These glands produce a poison which kills the prey. 

Digestion. The food caught by tentacles is paralysed by salivary glands, crushed into pieces by jaws swallowed with the 
help of radula, reaches the stomach where it is mixed with the digestive fluids from the liver and pancreas. The digestion is 
completed in the caecum where liquid products are absorbed while undigested food is passed into the intestine where some 
absorption may lake place. The undigested food material thrown out of the anus. The be pato- pancreas secretes digestive enzymes 
and serves for the absorption and storage of the food andremoval of waste products. The food stored in the liver is not directly 
absorbed but received through the blood. 

RESPIRATORY SYSTEM 

The respiratory organs are paired, large, plume-shaped clcnidia or gills, lying in the mantle cavity, one on either lateral sides. 
Each ctenidium is bipinnate, with numerous delicate lamellae on either side of a central axis. The respiratory surface of the 
lamellae is increased due to the presence of various folds on the lamellae. Internally the lamellae are not completely in contact 
with each other. Each gill receives venous blood through an afferent branchial vessel from the branchial heart of its side. The 
blood passes in a system of minute branches through the lamellae and is finally collected into an efferent branchial vessel leading 
to the auricle. 

RESPIRATORY MECHANISM 

The muscular mantle rhythmically contracts and expands, thus the mantle cavity alternately increases and decreased. When 
the mantle cavity enlarges, fresh water flows into it through the pallia! aperture. This water passes over the ctenidia. Exchange 
of gases occur in the vascular lamelle. Carbondioxide is diffused out in the water and when the mantle contracts, the water is 
expelled out through the funnel. 

CIRCULATORY SYSTEM 

The circul.lory system is well developed with . eomplete sep.„Uo. ofveuous „d .rteri.1 blood. It assists of been. Mood 
vessels and a system of capillaries and blood. 

Heert. There ire three besns; . I«g* systemic or Ttertal bert sod . pel, of sm.ll brachtal or venous hemts. 



The systemic or arterial heart lies in the middle of the visceral mass enclosed in th#> 1 . • , 

h,vmg. tag*. m edi.il, thick-walled veutnde .ml twosm.ll l.ter. 1 . thin-wlled.unde*T^ventride isdivided”.. Z lobc^ 





by a constriction. It supplies arterial blood through a 
large oral or cephalic aorta and a small aboral or 
posterior aorta to the anterior and posterior regions of 
body. The aurclcs receives oxygenated blood by the 
efferent branchial veins. This blood passes into the 
ventricle and is send out via aortae. 

The branchial hearts lie one at the base of each 
ctendium. They are simple contractile sacs that 
receive and supply deoxygenated blood by afferent 
branchial veins. A rounded glandular body called 
appendage is attached to each branchial heart 

Blood vessels. The oral and aborac aortae divides 
into small branches, the arteries, which divide the 
redivide to form very fine, microscopic vessels, the 
capillaries. The capillaries reunite to form large ves¬ 
sels. the veins. A large median vena cava returns blood 
from the bead region. Infronl of the rectum, it bifur¬ 
cates into right and left afferent branchial veins, which 
run through the corresponding renal organs to the base 
of ctcnidia. Here they dilate to form branchial hearts. 



A pallia! vein from the mantle and an abdominal vein from the posterior region pour the venous blood into each branchial 
heart. The right vena-cava or right branchial vein also receives a vein from ink-gland and gonads. Each branchial heart pumps 
the blood to the clcnidium of its side by an afferent branchial vein, which runs through the axis of gills and gives off branches. 
The oxygenated blood from the ctcnidum is returned by an efferent branchial vein first to the auricle and then to the ventricle. 
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Blood. Blood consists of the plasma containing bacmocyanin. dis¬ 
solved in it. Colourless ainoebocylcs Boating in iL It is colourless when 
deoxygenated and light blue when oxygenated. 

EXCRETORY SYSTEM 

The process of exaction is affected by a kidney or renal sac which 
consists of three thin-walled chambers communicating with one another. 

Out of them, one is dorsal and median while the other two are ventral and 
symmetrically situated on either side of the rectum. The two ventral parts 
of the kidney open to the outside by the renal apertures situated on the 
renal papillae. Through each ventral chamber passes the corresponding 
branchial vein of vena-cava. The vein is attached to the dorsal walls of 
the ventral renal chamber and are covered by glandular epithelium which 
is cxactory in nature. The nitrogenous waste products arc extracted by 
glandular walls and reaches into the renal sac. The dorsal chambers 
encloses the pancreatic follicles covering and opening into the ducts of Fig. 64.9 

«hc digestive gland. They are richly vascular •«<*"*•« “ “"'"renal sac is in the form of go.nin which is poured into 
excretory function. The nitrogenous excretory matter in the cavities o! renal sa 

the mantle cavity. 
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Sepia. Excretory syiiem. 


NERVOUS SYSTEM 

The nervous system shows a higher grade of organise,.on. The nervous system eons., of ganglia, connectives and 
mmissurcs. Following arc the ganglia: 


1. Cerebral ganglia 
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Z Pedal ganglia 
3- Plcuro-visceral ganglia 

4. Stellate ganglion or pallia! ganglion 

5. Gastric ganglion. 

1. Cerebral ganglia. Paired cerebral ganglia are 
found together into a rounded mass lying in a 
hollow of the cranial cartilage and covered 
over anteriorly by a strong fibrous membrane. 

The brain gives off from the sides a pair of 
very short, thick optic nerves that at once 
expand into large optic ganglia lying in dose 
contact with eyes. A small olfactory ganglion 
lies close to the optic ganglion and sends a fine visceral 
olfactory nerve to the olfactory pits. The “ e,v «* 
cerebral ganglia are connected with the supe¬ 
rior-buccal ganglia anteriorly by thin ccrebro- 
buccal commissures. The superior buccal IKPvf 
ganglia are connected with a pair of closely 
united inferior buccal ganglia by a pair of branchial 
circumocsopbageal connectives join the brain t«njlioo 
with pedal and plcuro-visccral ganglia that lie 
posterior to oesophagus. A pair of nerves ex¬ 
tend from the brain to the statocysts by way 

Of the pedal ganglia. Flj.64.10 Srpim. Ncrvousysicai. 

2. Pedal ganglia. The pedal ganglia arc fused into a mass. They send 10 branchial nerves to the arms. Each nerve expands into 
a branchial ganglion at the base of the arm it supplies. The pedal ganglia also give off a pair of infundibular nerves to the 
funnel. The pedal ganglia are connected with the superior buccal ganglia by bucco-pedal connectives and with the cerebral 
ganglia by cercbro-pcdal connectives. 

3. Pleuro-vlsceral ganglia. These are also united into a single mass being in immediate contact with the pedal behind the 
oesophagus. The pleurovisccral ganglia give ofT two visceral nerves innervating the various internal organs and forming a 
visceral loop from which arise a pair of branchial nerves, having each a branchial ganglion at the base of the ctenidium. The 
plcuro-vis- ccral ganglia also give ofT two very stout pallial nerves which innervate the mantle. 

4. Pallial ganglion. Each pallial nerve runs through the neck to the inner surface of the mantle cavity and expand into a large 
flat, pallial or satcllaie ganglion which Is visible in front of the ctenidium when the manUe cavity is exposed. 

5. Gastric ganglion. A pair of sympathetic nerves arise from the inferior buccal ganglia and extend aborally along the 
oesophagus to the stomach, where they meet the gastric ganglion. 


•brachial 


brachial 


brachio- buccal 
connective 

ceftbro-buccal 
connective 

cerefero-branchial 
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SENSE ORGANS 

The sense organs arc highly developed in Sepia. TTiese are eyes, statocysts. olfactory pits and a gustatory organ. 

Eyes. Paired eyes are presenL They are luge, coosepiorous projecting Iron, «he dono-Urenl tides of the bc.d 

Each eye is enclosed in an orbit formed by cartilages. The outer wall of the eye-ball is called the sclerotic coat which is 
by sedcrotic cartilage. The sclerotic coat continues in front as the contracted iris with an opening called pup,I in the ccntr^PnnM 
can be dilated or contracted by the muscles. Just in the inner region of the iris is situated aJ^soheri^Lc^HLr^'i^ 
two plano-convex halves and supported by an annular process termed the ciliary process. CfcjSwbjch is the midd£7 ^ 
absent in the eye of Sepia. The inner layer is the retina which is formed of a layeror parallel nwU -aJTkJ * n,dd,c Uy f r B 
eye externally with a .aye, ofreiioa, ceHs ie Cose associarion wi* *e 
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Immediately behind the eye-ball the optic nerve is enlarged and 
dilates to form optic gnaglion from which bundles of nerve 
fibres originate and innervate retinal cell through sclerotic wall. 
Small optic gland or white body of unknown function is also 
situated near the optic ganglion. The transparent homy part of 
the skin covering the upper exposed part of eye is called the 
secondary cornea or flase cornea. A fold of skin can be drawn 
like an eyelid over the false cornea to some extant. The cavity 
of eyeball is divided into two unequal parts: a small anterior 
chamber, filled with a watery aquerous liumour, and a large 
posterior chamber filled with a jelly-like vitreous !tumour . 

Thus the eye of Sepia resembles those of vertebrate eye. 
However, the vertebrate eye is fonned by the outgrowth of brain 
whereas the cepbclopod eye is formed by an ectodermal in¬ 
vagination. 
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Fig. 64.11 Sepia. V5. of eye. 


Stntocysts. A pair of slatocysis. which arc organs of cqui- 

librium, lie ventral to the pleuro-viseralganglian. Each remains 

cncloscd in cranial cartilage. A statocyst is a rounded sac. about »den»uc camUge 

oibiul cartilage 

3 mm. in diameter. The inner surface is uneven and covered by 

fiat cells, except on posterior side where two spots occur. These ^ M ^ ys of tyt 
arc crisis, a statica and macula statica. These have large proces¬ 
ses at the free ends and the other end produced into fine fibril 

that forms the statocyst nerve. A large dense statolith lies within the statocyst attached to the macula. 

Olfactory pits. Small ciliated olfactory pits arc situated posterior to the eyes. The sensory cells of the pits are innervated 
from small olfactory ganglia lying close to the optic ganglia. 

GUSTATORY ORGANS 

A sRIlll elevation covered with papilla, on (he door of buccal cavi«y just infron. of Ihc odontophore is said to be the organ 
of taste. 

REPRODUCTIVE SYSTEM 

The Sepia is unisexual, but there is no prominant sexual dimorphism except that j 
the males arc smaller and possess slightly longer arms. 

icmiml vt»»ck 

Male reproductive organs: The male reproductive organs comprise: 

(i) Testis 

(ii) Vas deferens 

(iii) Vcsicula scminalis 

(iv) Prostate gland 


(v) Needham's Sac 

(i) Testis. Tbe testis is large, oval, yellowish and saccular 

ihe apex of visceral mass. II is enclosed in a coelom,c sac^and ™ 

by a small apcr.urc on its ventral side. The sperms |>jW 

passed into the coclomic sac. The coelom.c sac leads on the left side into 

vas deferens. 
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Fig. 64.12 Sepia Male ft productive orginv 
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(ii) Vas deferens. Il is a narrow coiled lube, il leads inlo seminal veside. 

(iii) Vesicula seminalis. Il is a long lube. Here ibe sperms are rolled up inlo long and narrow bundles 
enclosed in elaboralc chilinous capsules, called the spermalopborc. A spermetophore is like an 
automatic bomb, ai one end it bas a complex spring-like arrangement which ruptures its wall as 
soon as transferred to water. 

(iv) Prostate glands. The terminal end of vesicula seminalis gives off two blind folds, one of them 
is called tbe prostate gland. 

(v) Needham’s sac. Tbe seminal vesicle terminates into a wide reservior, the Needham’s sac lying 
on a papilla or the penis to the left of the anus. 

Female reproductive organs. The female reproductive organs comprise: 

(I) Ovary 

(ii) Oviduct 

(Iii) Nidamcntal gland 

(iv) Accessory Nidamcntal glands 

(i) Ovary. A large ovoid ovary situated, like tbe testis in the male in aboral region of tbe trunk. It is 
enclosed in a similar coelomic sac. It bas an axial swelling tbit bears numerous follicles. Each 
follicle with a singcl ovum supported on a sulk. 



Fig. 64.13 Septa. A. 
ipermaiophorc. 


(ii) Oviduct. A wide thin-walled oviduct arises from the capsule or coelomic sac 
and runs orally to open into the mantle cavity by geniul aperture. 

(iii) Nidamcntal glands. A pair of large, flat, oval bodies lie on the anterior wall 
of the mantle cavity on the sides of ink-gland. These glands secrete a viscid • 
material by means of which tbe eggs when deposits adhere together is masses. 

(iv) Accessory Nidamcntal glands. A glandular mass of organc colour known as 
accessory nidamental glands lie at the sides and around tbe anterior sides of 

• the nidamental glands. They open into the mantle cavity by a number of 
minute pores. Their function is not clear. 

Copulation, fertilization and egg laying 

In5e/>in the Sib left arm of tbe male is bectocotylized 
i.c. modified for coculation by reduction of some of tbe 
basal rows of suckers. Tbe male inserts it in its own 
mantle cavity to extract tbe spermatopbores. Later on, 
ibis arm is inserted into tbe mantle cavity of tbe female 
and the spermatopbores are deposited in bursa copulatrix, 

which is a modified part of the funnel. Tbe F1 *- 6414 Sepia. Femalereprodaciiveorpis. 
speremetophore ire buret by ibe spring apparatus in them, and release the spenns after copulation 
When ripe ova are passed out side one by one from the ovary through the coelomic funnel, they 
fertthzed. The vtscid secretion of nidamental gland covers the eggs and cement them into a mass, 
•raese masses of eggs are attached by stalks to the twig of marine plants or weed or some other 

ODJCCL 

The development is direct without larval sUge. 




Fig.64.15 Seplo. AcggmM*. 
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PEARL AND PEARL INDUSTRY 


A peart is a conscretion produced by a mollusc. Its culture is paying industry these days. The oldest record of using pearls 
go back to the Chinese people. They are said to have used them as far back as 2300 B.C. Royal families and nobles of every 
country in age have adorned their persons with pearls. 

WHAT IS A PEARL? 

A peart is a concretion formed by mollusc. It consists of nacre or mother of pearl as the mollusc shell. It is secreted by the 
mantle, the inner muscular lining of the shell, as a means of protection against foreign body. A faultless pearl is formed by the 
deposition of nacreous substances arranged one after the other in a concentric layer and laid down by the epithelium of mantle, 

PEARL FORMATION 

The pearl formation is an adaptation against outside materials. When a foreign material such as a sand-grain ora parasite 
happens to enter the body it adheres with the mantle. The mantle epithelium immediately grows over the material in the form of 
a sac and enclose it. The mantle epithelium start secreting concentre layers of nacre around the foreign material. The complete 
structure is called pearl. 


COMPOSITION OF PEARL 

The pearl is formed by nacre. The nacre is formed of two substances, the calcium carbonate which is in the form of argnoite 
or calcite and albuminoid substance called conchiolin (C 30 H 42 N 2 On). The chemical analysis of the typical peart is: 

Calcium Caibonate 88-90% 

Organic matter 3.8-5.9% 

Water 2 - 3% 

Residue 0.1-0.8% 

TYPES OF PEARLS 

Following are the four main types of pearls: 

1. Blister pearls. When some foreign matter such as sand, worms, crabs, fish or pieces of shell becomes lodged between the 
fleshy mantle and the shell blister pearls are formed, such pearls are attached to shell. 

2. Baroque pearls. These pearls are most likely to be perfectly spherical, for they are formed inside the flesh of mantle where 
succeeding layers of nacre may be added on all sides. 

3. Hem pearls. TTtese .re formed near the margin of m.mle where the dark pigments usually produce brown or blackish pearls. 

4. Seed pearls. The small pearls arc called seed pearls. 

5. Cultured pearls. These arc the pearls obtained from cultured species of pearls oyesters. 

PEARL PRODUCING ANIMALS 
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Pearls are produced by bivalve molluscs. These are marine as well as fresh waler: 

1. The fresh water mollusc b: 

Unio margarilifera. 

2. The marine molluscs are: 

(a) Pine lad a vulgaris 

(b) P. fucta 

(c) P. chemniui 

(d) P. margartifera 

(e) P. anomioides 
(I) P. atropurpurea 

(g) Haliotis 

(h) Mytilus 

(i) Placuna blacenta 

(j) P. maxima. 

The species of mollusc which is mainly b Pinctada wlgaris. 

CULTURE OF PEARLS 

The culture of pearls is a complex but sensitive process. It is involves the following steps: 

1. Collection of Oysters 

(i) Japanese Method of Oyster Culture. The latvae of the oyster freely swim in the shallow waters of the sea they are called 
spats. They are maintained in nurseries upto a certain time. For collection of spats different methods are employed. 
They are 

(a) Semi-cylindrical tiles 

(b) Bamboo poles with branches 

(c) Shells of various molluscs 

(d) Plastic nests 

(ii) The oysters are collected from the bottom of the sea. 

(iii) In the laboratories the eggs of pearl oysters are fertilized and young ones arc obtained. 

2. Preparation of graft tbsue 

The piece of tissue which is inserted into the oyster is called graft-tissue. The graft must be in the form oft square of 2 x 2 
mm in size and usually it b cut off form the mantle of another oyster. 

3. Preparation of nucleus 

The nucleus is a foreign material which is inserted into the oyster and is in the form of a bead 2 mm in diameter. 


foreign body nacre recreung nacreou. Uver 
(c^doraporewe cell, of (mod*, of peart) 

between *bdl monk of»hdl 


m*mk 



<i mantle 


pearl formed by 
tecretion arouad 
foreign body 


Fig. 65.1 /VoW fom.ilo. 
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4. Implantation 


Pearl and Pearl industry 


The oyster’s foot is exposed and a small incision is made on the foot. On this incision the graft tissue in placed. The nucleus 
is placed on the graft tissue. Then die oyster is released in the cage. 

5. Rearing of oysters 

The operated oysters are placed in cages and are suspended in the sea from rafts. Rafts are rectangular wooden frames 
floating at the water surface. They arc made to float by empty diesel drums. The rafts are kept in place by anchors. Besides raft 
other methods are there, these are long- line method, rack culture, pole culture and bottom-culture method. 

6 . Harvesting 

Pearls attain their maximum size in three years and after the oysters are removed from cages and the pearl is taken out. 
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CHARACTER AND CLASSIFICATION OF ECHINODERMATA 


1. Small to large animals generally found in sea water. 

2. Body colour often brilliant to different shades, few arc almost transppparenL 

3. Body shape star-like, discoidal. circular or cylindrical with well differentiated oral-abroal surfaces. 

4. Triploblaslic, coelomate animal without well marked cephalizaUon and segmentation. 

5. Radial symmetrical in adult condition but the larvaa are bilaterally symmetrical. 

6. The body wall is made up of three well defined layers, an outer epidermis, middle dermis and innermost peritoneum. 

7. Endoskclelon in the form of calcareous, mesodermal plates and sometimes as spines hence the name echinodermata.(Gr.. 
echinus = spiny; derma * skin). 

8. An extensive body cavity or coelom surrounding the internal organs is present 

9. A part of embryonic coelom becomes modified into characteristic ambulacral or water vascular system or hydrocod with 
many tube feet. This system is responsible for respiration and locomotion in animal. 

10. Alimentary tract is usually coiled tube extending from the mouth located on the oral surface to the anus on the aboral or 
oral surface. 

11. Circulatory or haemal or blood lacunar system is typically present. 

12. Respiration occurs through a variety of structures, e.g. papulaejn star- fishes, p erislomia’. pllsjnsea urchins, genital bursae 
in brittle StarBand cloacal respiratory trees in holothurians. 

13. Excretory system is wanting. 

14. Nervous ssyslem is primitive, consisting of networks concentrated into the radial ganglionated nerve cords. 

15. Sense organs are poorly developed. 

16. Sexes are usually separate (dioecious) with few exceptions. Gonads are simple with or wothout simple ducts. 

17. Reproduction is usually sexual, few reproduce asexually or by regeneration. 

18. Fertilization is external, while few echinoderms are viviparous. 

19. Development is indeterminate induding characteristic larva which undergo metamorphosis into the radially symmetrical 
adults. 

Phylum Ecbinodermata has been divided into two subphyla; 

I. Subphylum - Pelmatozoa 

II. Subphylum - Eleuthrozoa 
SUBPHYLUM.l. PELMATOZOA 

1. It indudes both extinct as well as living echinoderms usually attached by a stalk Le. sedentary. 
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2. Entire structure pentamerous. 

3. Mouth and anus on the oral surface. 

4. Tube feet are absent and the tubular ciliated appendages when prersent are without suckers. 

5. Theca is differentiated into aboral cup, calyx and oral roof. 

6. Arms arc movable with or without pinnules. 

7. Main nervous system is aboral. 

Subphylum Pelmmatozoa is differentiated into 5 classes: 

Class -1. Heterostelea 

1. Extinct cchinodcrms with laterally Oatenned non-porous theca attached horizontally by a stalk. 

2. Mostly without arms extensions. 

Example. Trochocystites. 

Class - 2. Blastoidea 

1. Extinct eebinoderms. Test bud-like, short stemmed or stemless, of 13 major plates. 

2. Theca is pentamerous. radial and made up of 13 plates arranged in three rows. 

3. Ambulacra five. 

4. Characteristic respiratory organs, the bydxospires, situated underneath the ambulacra. 

Example. Pentremites. 

Class • 3. Cystoldea 

1. Extinct animals of oval forms attached direciJy or by a sulk in up-right direction. 

2. Theca of rigid polygonal plates, of which some are porous. 

3. Ambulacra vary from 2-5. 

Example: Crystoblastus. 

Class - 4. Edrloasteroldea 

1. Extinct, disc-shaped without stem or arms lying free or attached directly by the aboral surface. 

2. Theca cushion-shaped with a star on top formed by five recumbent ambulacra! grooves. 

3. Anus and madreporite are situated on the oral surface. 

Examples: Stromatocystites, Lepdodiscus. 

Class - 5. Crinoidea 

1. It includes with living as well as non-living eebinoderms usually atuebed by a sulk, but living members are sUlkJess and 
free living. 

2. Entire structure strongly pentamerous. 

3. Body consists of an aboral cup. the calyx and oral cover or roof, the legmen. 

4. Oral surface directed upwards. 

5. Mouth usually central, anus usually cxcenlric arc present on the oral surface.. 
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6 . Arms movable, simple, mostly branched, usually five or ten in number with or without pinnules. 

7. Ambulacra! groves are open and extend along arms and pinnules to their Ups. 

8. Madrcporite. spines and pedicellariae arc present 

9. Sexes are separate. Development indirect through doliolaria larva. 

Gass Crenoidea is divided into four orders: 

Order (i) Articulata 

1. Extinct as well as living forms. 

2. Calyx pcnlamerous flexible and dicydic. 

3. Mouth and ambulaceral grooves arc not covered by tegminal plates and remain exposed. 

4. Tegman leathery and contains small calcareous plates or minute ossicles. 

Examples: Metacrinus, Rliiiocrinus, Amedon, Comatula. 

Order (ii) Inadunata 

1. ExUnct forms. 

2. Calyx rigid and lower arm ossicles spring free from it 

3. Mouth covered over by tegminal plates but ambulacral grooves mostly exposed. 

4. Arms three or more with or without pinnules. 

Examples: Anartiocrimns, Hybocystites. 

Order (iii) Flexibilia 

1. ExUnct forms. 

2. Calyx flexible, dicydic 

3. Arms branched, devoid of pinnules and typically curved inwards. 

4. Mouth and ambulacra exposed. 

Example: Forbes iocr ini is. 

Order (iv) Camerata 

1. ExUnct forms. 

2. Calyx rigid, mono - or dicydic 

3. Arms branched and pinnulatc 

4. Mouth and ambulacra are covered. 

Example: Xcnocruuis. 

SUBPHY1AJM n. ELEUTHROZOA 

1. MosUy living eebinoderms. 

2. Stem or slalk absent, usually free-living forms. 

3. Body structure usually penUmeous. 

4. Oral surface bearing the mouth is downward or lying on one side 
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Character and Classification of Echinodermata 


5. Anus usually on tbc aboral surface. 

6. Ambulacral grooves usually not for food gathering and the tube feet with suckers are chiefly locomotory organs. 

7. Main ncivous system is oral. 

Subpbylum Eluthrozoa is divided into four classes. 

1. Claw - Asteroidea 

2. Gass - Opbiuroidea 

3. Gass - Ecbinoidea 

4. Gass - Holothuroidea 
Class • 1. Asteroidea 

1. Body flattened and star-shaped with a central diac and five radiating arms which are not sharply marked off from the disc. 

2. Arms hollow and contain gonads, prolongation of gut, coelom and other visceral organs. 

3. Ambulacral grooves open in tube feet and extend upto the lip of arms. 

4. Madreporite and pedicellaria sessile. 

The modem classification distinguishes class Asteroidea into two fossil and three living orders: 

Order (i) Phanerozonia 

1. Arms short with broad bases and with two rows of large marginal plates. 

2. Papullae limited to the aboral surface. 

3. Pedicellariac generally sessile or absent 

4. Tube feet with or without suckers. 

Order (it) Spinulasa 

1. Arms generally without conspicuous marginal plates. 

2. Pedicillariac rare. 

3. Podia or tube feet arc in two rows provided with suckers. 

4. Aboral surface with low spines. 

5. Ampullae single or bifurcated. 

Examples: Asterina, Solaster, Hymenaster. 

Order (Hi) ForcipuLua 

1. No conspicuous marginal plates. 

2. Aboral skeleton mostly reticulate with conspicuous spines. 

3. Pedicillariac pedunculate and straight or crossed type. 

4. Tube feel arranged in four rows provided with suckers. 

5. Papulae on both surface. 

Example: Asterias, Heliaster, Brisingaster. 
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Order (iv) Plalyasterida 

1. Extinct forms. 

2. Ambulacra widely open. Aims with series of long inlerambulacral ossicles. 

Example: Platasterias. 

Order (v) Hemizonida 

1. Extinct forms. 

2. Ambulaccral grooves are deep and ambulacTal ossides are insunk. 

Example: Palasterina, Helianthaster. 

Class • 2. Ophluroidea 

1. Marine usually deep-sea and free living eebinoderms. 

2. Body flattened with a pentamcrous or rounded central disc. 

3. Oral and aboral surfaces arc distinct. 

4. Anns usually five slender, jointed, solid, muscular, flexible rarely six or seven. 

5. No ambulacral grooves. 

6. Pcdicillariac. skill gills and special sense organs are absent 

7. Madrcporiic opens on the oral surface. 

8. Anus and alimentary canal are absent 

9. Tube feet arising vcntrolaterally from arms in 2 rows Ampullae and suckers are absent 

10. Sexes arc separate, gonads pentamcrous. 

11. Development includes a free-swimming plutcus larva. 

Class Opiuroidca is divided into two orders: 

Order (i) Ophiurae 

1. Amts simple, mostly five in number. moving'drieRy in transverse plane. 

2. Amt ossicles articulated by pits and projections. 

3. Disc and amts arc usually covered with distinci shields or scales. 

4. Arms spines are borne laterally and are directed outward or toward the arm tips, not downwards. 

5. Single madrcporiic. 

Examples: Ophioderma, Ophioscolex, Ophiothrix, Ophiocoma. 

Order (ii) Euryalae 

1. Arms simple or branched. 

2. Sklcton of amts and disc poorly developed. 

3. Arms move vertically and may be entwined around the objects. 

4. ’ It includes Britlle-sUrs. 

Example: Astrophyton. 
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Class - 3. Echinoidea 

1. Body spherical disc-like, oval or heart shaped. 

2. The body is lying enclosed in a shell formed of by closely Tilling calcareous plates. 

3. Outer calcareous plates arc distinguished into Hve alternating ambulacra! and five intcr-ambul icral areas. 

4. The oral and abroal surfaces are distinct, the mouth is located on oral surface while the anus and madreporitc are present on 
the aboral side. 

5. Tube-feet come out from the pores of ambulacral plates and are locomotory organelles. 

6. Pedicillariae arc stalked and three jawed. 

7. Sexes separate and, glanads 5 in number and inter-radial. 

8. Development includes free-swimming ccbinopluteus larva. 

Class Echinoidea is divided in three subclasses: 

SUBCLASS (A) BOTHRIOCIDAROIDA 

1. A single row of plates in each intcr-ambulacral area. 

2. Madreporitc radial. 

3. Lantern of Aristotle absent. 

Example: Bothriocidaris (extinct). 

SUBCLASS (B) REGULARIA OR ENDOCYCLIGA 

1 . It includes globular, circular and oval forms, which arc pe n la me rously symmetrical with two rows of intcr-ambulacral plates. 

2. Mouth and anus lie at opposite pole. 

3. An Aristotle’s lantern is present 

4. Madreporitc is ambulacral. 

Order (i) Lepidocentroida 

1. Test flexible with overlapping or separated plates. 

2. Ambulacral plates continue upto mouth lips. 

Examples: Palacodiscus, Sperosoma. 

Order (ii) Melonechinoida 

1. Test spherical, rigid. 

2. Ambulacral plates continue upto mouth lip. 

3. Intcrambulacral plates in 4 or more rows. 

Example: Melonecliinns. 

Order (iii) Cidaroidea 

1. Test rigid and globular. 

2. Two rows of long narrow ambulacral plates and two rows of inter- ambulacra! plates present. 

3. Ambulacral and intcr-ambulacral plates continue up to mouth lip. 
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4. GUIs and spbaeridia are absent. 

5. Five busby Stewart's organs are present appended to the lantern. 

Examples: Cidaris, Notocidaris. 

Order (iv) Centrechinoida 

1. Test rigid and rarely oval. 

2. Peristome with 10 buccal plates. 

3. Anus surrounded by a double cirde of apical plates. 

4. External gills and spbaeridia present 
Examples: Echinus, Solenia, Diadema, Arbacia. 

SUBCLASS - (Q - IRRAGULARIA OR EXOCYCUCA 

1. Bilaterally symmetrical. Test mostly flattened, oval or droilar. 

2. Mouth centrally placed on tbe oral surface. 

3. Anus is displaced posteriorly generally marginal at oral or aboral surface and lies outside tbe apical system of plates. 

4. Podia or tube feet not locomotory. 

Order (i) Holectypoida 

1. Test regular with simple ambulacra and centrally located peristome and apical system. 

2. Ambulacra narmw on oral surface. 

3. Lantern teeth with lateral flanges. 

Example: Holectypus (Extinct). 

Order (U) Cassiduloida 

1. Aboral ambulacral area pelaloid, forming a 5-anned Ggure. 

2. Lantern absent 

Example: Cassidulus (Extinct). 

Order (iu) Clypeastroida 

1. Test flattened, oval or rounded in shape covered with small spines. 

2. Mouth and apical system arc usually central and oral in position. 

3. Aboral ambulacral areas petaloid. 

4. Aristotle's lantern present. 

5. Gills present 

Examples: Clypeaster, Laganum . 

Order (iv) Spalangoida 

1. Test oval or heart-shaped with ex centric mouth and anus. 

2. Four aboral ambulacral areas petaloid. fifth not petaloid. 

3. Lantern absent 
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4. Gills absent 

Examples: Spatangus, Lovenia. Hemiaster. 

Class - 4. Holothuroidea 

1. Body bilaterally symmetrical, usually enlongated in the oral- aboral axis having mouth at near one end and anus at or near 
the other end. 

2. Endoskcleton reduced to microscopic spicules or plates embedded in the body wall. 

3. Mouth surrounded by a set of tentacles attached to water vascular system. 

4. Podia or tube feet are usually present and locomotory. 

5. Alimentary canal is long and coded and cloaca usually with respiratory trees. 

6. Sexes are usually separate and gonad single or made of one or two tufts of tubules. 

7. Development may be direct or indirect with a larva called auricularia. 

Order (i) Aspidochirota 

1. Podia or tube feet numerous. 

2. Mouth is surrounded by 10-30 mostly 20 peltate or branched oral tentacles. 

3. Retractor muscles of pharynx absent 

4. A pair of well developed respiratory trees is present 
Examples: Holothuria, Stichopus. Mesothuria. 

Order (ii) Dendrochiroia 

1. Holotburians with numerous podia. 

2. Oral tentacles dendroid. 

3. Retractor muscles and respiratory tree present 

4. Madrcporitc internal. 

Examples: Cucumaria, Tliyone. 

Order (iii) Elasipoda 

1. Oral tentacles 10-20, peltate or shield shaped. 

2. Tentacular ampullae, oral retractors and respiratory trees are absent 

3. Madrcporitc may be internal or external. 

4 Body generally Oat ventrally. with mouth usually ventral. 

5. Tube feet few. 

Examples: Elpidia. Pelagothuria. 

Order (iv) Malpadnnia 

1. Oral tentacles unbranched and digitate o, with minute branches at the lip. 

2. Madrcporitc internal and respiratory tree present 

3. Tube tee. absent and posterior end of body tape* to form caudal region. 
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Examples: Malpodia, Cauduta. 

Order (v) Synaptida orApoda 

1. Body vermiform having smooth or warty surface. 

2. Podia or tube feet absent 

3. Oral tentacles are 10-20. Simple, digitate or pinnate. 

4. Pharyngeal retractors are present in some forms. 

5. Respiratory trees are abscnL 

6. Water vascular system greatly reduced. 

Examples: Synapta, Chiridota. 

METACRINUS 

Phylum 

Subphylum 

Class 

Order 

Genus 


Echinodcnnata 

Pclmatozoa 

Crinoidea 

Articulata 

Metacrinus 



1. It is commonly known as‘sea-lily’. 

2. It is a marine animal found at moderate depths. It is found in Japan. Malaya and Australian 
region. 

3. The calyx is small and appears to be monocyclic 

4. It has four branchials between the radials and first branching. 

5. The five arms are long, each dkhotomouldy divided three times and with small uniserial Fl 8 66 1 
pinnules. 

6. Stalk is long, distinctly pentamerous and jointed. 

7. Around the joints are present whorls of numerous sleoder, many jointed dni, which are used for temporary attachment. 


Phylum 

Subpbylum 

Class 

Order 

Genus 


CTENODISCUS 

Echinodermata 

Eleulherozoa 

Asteroidea 

Pbanerozonia 

Ctenodiscus 


^P4**voal projection 


4k 


1. It is commonly known as ‘mud-star* found in a shallow water 
circumpolar type ranging from cold northern waters to California, 
Japan and Cape cod. 

2. Body form varies from pentagonal to steUate with conspicuous 
marginal plates without spines. 

3. The aboral wall is thin, membranous and covered by paxillae and 
a tube-like cpipcoctal projection arises from its centre 
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Character and Classification of Echinodermala 

A Between certain adjacent marginal plates occur vertical rows of thin folds of integument, called cribiform organ. 
Intestine, intestinal caeca and anus are lacking. 

LUID1A 

The systematic position is the same as that ofCtenodisacus. 


unibuiaccral froove* 



Character and Classification of Echinodermata 

1 . Ii is a littoral form, found in tropical and subtropical seas. 

2. Disc is comparatively small and arms are long and flex&le. 

3. Arms may vary from 5-11 and are bordered with spines. 

4. Body is differentiated into oral and aboral surfaces. 

5. The oral surface contains a central mouth which communicates with ambulacra! groove in cadi arm. 

6. Inframarginal plate is separated from the ambulacnl plate by a small intermediate plate 

7. Aboral surface is covered by several small rectangular ossides and is marked by coloured patches. 

8. Anus and intestinal caeca are absent. 


9. Pedicillariae are present 

10. Gills are branched. 

11. Each ambulacral groove accomodates two rows of tube-feet 

12. A polynoid polycbaete (Achloe astericola) is found as commensal in the ambulacral groove of Luidia. 


ASTROPECTEN 


The systematic position is same as that of Ctenodiscus. 

1. It is a large star-fish, commonly found in sea bdow the tide line to great 
depths. 

2. It is found in all parts of world namdy New Jersey southwards, and 
California. 

3. Body flattened, star shaped with five long slender arms radiating from 
central disc. 

4. Oral and aboral surfaces are distinctly marked. 

5. The oral surface contains centrally placed mouth which communicates 
with 5 broadly opened ambulacra! grooves having double rows of tube 
feet. 

6. Tube feet without suckers. 



7. The aboral surface has madreporile in one of its interradii. 

8. Anus and pedidllariae absent 


Fig. 66.4 


9. The stone canal is extremely complicated due to internal development of ridge. 


Astroptfit*. 


10. The optic cushion contains retinal cells. 

11. Sexes arc separate. The development includes brachiolaria larva. 


OREASTER (PENTACEROS) 
The systematic position is the same as that of Ctenodiscus. 

1. It is most common starfish found in sea from shallow water to 1000 fathoms. 

2. It is found in U.S.A., U.K., India and South America. 

3. It is commonly called ‘sea pentagon'. 

4. Body is enclosed in hard leathery integument which contains. 
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Fig. 66 5 Ortasiti ( Pemottroi). 


5. Central disc and arms are fused together. 

6. Arms are five in number and arranged around a central disc in the form of star. 

7. Body surface can be differentiated into oral and aboral surface. 

8. Aboral surface is convex and brown in colour. 


9. Oral surface is concave and dark brown in colour. 

10. Mouth is present on the oral surface and is five 
angles and each angle is continued into the am- 
bulacral groove up to the tip of an arm. 

11. Madreporite plate is present in one of the inter-radii. 
It forms the first part of water vascular system. 

12. The ambulacral grooves contain double row of 
locomotory organs or tube-feet 

13. Sexes are separate. Development is indirect through 
a bipinnaria larva. 

ANTHENEA 

The systematic position is the same as that of 
Ctenodiscus. 

1. It is found in all the seas from shallow to deep 
waters. 

2. It is most common in Australian sea. 



Fig 66.6 Aniheitea Oral view 
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3. Body consists of relatively large central disc and five relatively short arms. 

4. Body is differentiated into oral and aboral surfaces. 

5. Aboral surface is convex, having interradial depression. 

6 The oral surface is broad aud flat conuining a central mouth and Dv. ambulaoal grooves. 

7. The 0,. surface between the ambulacra, groove coots,ns plate-ldre ossides bene, with a number ofminute rounded tube 
and granules which some time assume the shape of spine. 

8. Pedicillariae present on both the surfaces. 

9. It possesses vertical calcareous and inter-radial partitions. 


Phylum 

Subphylum 

Class 

Order 

Genus 


SOIASTER 

Echinodermata 

Eleutherozoa 

Asteroidea 

Spinuloa 

Solaster 


1. It is found in Northern waters. 

2. Body has 9-14 arms with two rows of marginal plates. 

3. The aboral skeleton is reticulate, the plates forming a fine network with 
small meshes and carrying on a projecting tubercle, a crowded bundle ot 
spinelcts. 

4. Pedicillariae are absent 



FI. M> 7 


SolaUff. 



5. Carnivorous, feed on other eebinodenns. particularly asteroids 

6. Anus is distinct 


Ecbimodermala 

Eleutherozoa 

Asteroidea 

Forcipulata 

Heliaster 


Phylum 

Subphylum 

Class 

Order 

Genus 


1. It is found in shallow waters in panamic region. ( 

2. It has a broad disc with 40 or more short, tapering arms. 

3. Skeleton is reticulate having both straight and crossed pedicil¬ 
lariae. 

4. Madreporite is present 


5. Tube-feet arise in four rows. 

6. Intetbranchial septa are double. 


Flf. 66.8 HttuuUr. 


7. It begins its life with five rays, but additional rays are added in inter-radii except that which contains the madreporite. 
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OPHIODERMA 

Phylum 

- Echinodermata 

Subpbylum 

- Eleutberozoa 

Class 

- Ophiuroidea 

Order 

Zygopbiural 

Genus 

Ophioderma 


1. Ophioderma is a brink star of littoral zone tropica! West Indian seas. 

2. Found along the North Atlantic Mediterranean, littoral, tropical and 
West Indian seas. 

3. Body with prominent pentagonal disc of brownish colour having five 
arms which are sharply distinct from disc and freely movable upon 
central disc. 

4. Arms arc slender, jointed, solid, cylindrical, muscular and flexible. 

5. Disc coated with granules. 

6. Mouth fringed with numerous oral papillae. 

7. Dental papillal arc absent and teeth arc arranged in a single row. 

K. There arc four bursal slits in each intenadius. two located orally and 
two peripherally. 

V. The spines of arms are very small so that the arms are smooth. 

10. Sexes arc separate. Development with free-swimming platens larva. 



Fig. 66.9 OphiotLrmo. Diw »nd oi»f irm ia oral view. 


OPHIOGLYPHA OR OPH1URA 


The systematic position is the same as that of Ophioderma. 

I. Ophiotilypha is a cosmopolitan brittle slar found in almost all sea water. 

. It has cosmopolitan distribution. 

3. Body with fiat, pentagonal, central disc, covered with radial shields and 
numerous small scales. 

4 Anns are fis c and markedly set off from central disc, which arc of moderate 
length and covered with regular plates. 

5 The arm plates of lateral side have closely lying spines. 

6. Buccal podia of second pair open not into the mouth angles but on the oral 
surface. 

7 Anns combs are present. 

8. Bursal slits arc two in each inter-radius. 

9. The prey is caught by coiling around the amis. 

10 . Male and female are separate development ind.rect with ophiophrauslarva. 



F.g. 66.10 Opti»d>P ha 


OPHIOCOMA 


The systematic position of Oplnocoma is same as that of Ophioderma. 




Character and Classification of Echinodermata 

1. It is commonly called 'brittle star’. It is mouih 

commonly found in shallow waters. ^ \_S £ / 

2. It is found along the Red Sea shores. West 
Indian region and Florida. 

3. Body consists of a small rounded central 

disc and five long, slender tapering arms. ' P>T' *""* 

4. Oral and aboral surfaces are well marked. ** 

5. Mouth is pentagonal situated in the cenlte. f , „ . o^, lk „. 

Madreporite is present in one of the inter- 

radial areas. 

6. The oral surface has leathery skin. 

7. Anus and pcdicillarial absent. 

8. The ambulacral grooves covered. 

9. There are 10 elongated slits, two an either side of the base of each arm calif* 

10. Three rows of pointed spines are borne on the lateral plates. A row of short 
and lower plates. 

11. The tube feet arc devoid of suckers they arc only respiratory and sensory. 


ASTROPHYTON 


Phylum 

Subpbylum 

Class 

Genus 


Echinodermata 

Elculhcrozoa 

Ophiuroidea 

Astrophyton 


1. It is commonly known as 'basket star'. 

2. It is found in deep sea often rolling on sea bottom. ^ 

3. Body surface is soft and devoid of spines. ^ 

4. Pentagonal disc is very large and circular. 

5. Aboral surface bears spoke-like radial shields which radiate 

from the centre to the periphery. lU30 Er 

6. Fine arms are long, slender and repeatedly branched with tendril- 

lar tip which assist in clinging the objects. * * 

7. One madreporite is present in each inter-radius. F ' e 66 12 A,, ' 0 P l, > 10n 

8. Development occurs passing through oliiopluteus larva. 

GORGONOCEPHALUS 

The systematic position is the same as that of Astrophyton. 

It is another deep sea water echinoderm and commonly called 'basket star*. 

2. The disc is either pentagonal or circular and large. 

y The aboral surface of dec shows long and spoke-like radial shields, radiating from the centre of the disc to the margin 
4 Disc margin between the radial shields bear a series of plates. 
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•rmi bf*ncKc« 

Fig 66.13 Co'tanotephalus. Oral view 


5. The five arms arc long, slender and flexible and repeatedly branching dicbotomously. 

6. One medreporite is present is each inter-radius. 

7. Bursal slits arc short and fusion of bursae from large spaces so that true coelom is greatly reduced. 

8. Development occurs through ophiopliiteus larva. 

CLYPEASTER 

Phylum • Echinodermata 

Subphylum - Elcuthcrozoa 

Class - Ecbinoidca 

Subclass - Irregularis 

Order - Clypeastroida 

Genus - Clypeaster 


1. It is found on or buries in sandy bot¬ 
toms of tropical and subtropical seas. 

2. It is commonly called as 'cake- 
urchin'. 

3. The corona is depressed and disc¬ 
shaped. covered all over with short 
stiff and dark brown spines. Differen¬ 
tiated into oral and aboral surfaces. 

4. Oral surface flat and covered with a 
dense velvet of short and stiff spined 
and differentiates into five pctaloid 
ambulacra) areas and five intcram- 
bulacral areas. 

5 Aboral surface slightly convex and 
anus is present cccentrally. 



of ambulacra 
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Fig 66 14 Cbf***"' A-Aboral view. B -Oral view. 
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6. Madrcporite is centrally placed and form a radiate five wide, well-marked petaloid ambulacral areas. 

7. Tube feet on the aboral ambulacral areas are flatenned and respiratory. 

8. Arms and ambulacral grooves arc absent 

9. Pedicillariae are present 

10. Aristotle's lantern with teeth developed which is of simple type. 

11. Genital plates are fused with the central pentagonal plate. Radial oscular plates are distinct 

12. Development includes ecliinopluteus larva. 

ECHINARACHINUS 


The systematic position is the same as that oidypeaster. 


1. It is commonly found about 800 fathoms deep, lying on 
sand or partly buried. 

2. It is found along W. Coast of North America, Pacific 
Coast and U.S.A. 

3. It is commonly called 'sand dollar'. 

4. Body is greatly flatenned in the oral-aboral direction 
and covered with soft fur of delicate spines. 
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scly elongated peristome. 

6. Anus situated at tbe posterior end with periprocL 

7. Ambulacra five, pctaloid and aborally situated. 

8. The Aristotle’s lantern is absent 

9. Pedicillariac arc of two types with only 2 jaws and 
scattered among the spines. Poison pedicillariae are 
absent. 

STRONGYLOCENT‘ROTHS 


Phylum 

Subphylum 

Class 

Subclass 

Order 

Genus 


Echinodermata 

Eleutherozoa 

Eebinoidea 

Rcgularia 

Cainarodonta 

Sironzyloceniroins 


1 . It is commonly called as ‘sea-urchin’, found in lit¬ 
toral sea. 

2. Body is slender in out line and bears slender and 

short spines. F«g«6i7 

3. Mouth and anus lie at opposite poles. 



Strom^1n<tniroiui. 


4. Body is differentiated into ambulacral and intcr-ambulacral areas. 

5. Each ambulacral plate bears 7-10 pairs of pores. 

6. Tube-feet arc arranged in five double rows and are greatly extensible. 

7. Tubercles are unequal in size and arranged in numerous scries and 
often crowded. 

8. Pcdiccllariac arc gemmiform. 

9. Gill-clefts arc shallow. 


-- 

CUCUMARIA 

Phylum 

- Echinodermata 

Subpbylum 

Eleutherozoa 

Class 

Holothuroidca 

Order 

Dendroebirota 

Genus 

Cucumaria 

Cue it maria is a 
in habits. 

very common sea cucumber, bcnctbonic and sluggish 


2. Generally feeds on small organisms. Cosmopolitan in distribution and 

specially found in Europe. U.S.A. and India. 

3. Body is cucumber-like and is generally cylindrical. 

4. Mouth is >1 broad oral end and the anus at the aboral end which is 
somewhat narrow. 

5 Body is pentamerous. having Prve longitudinal bands or ambulacra. 
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each provides with locomoiory podia. 

6. Mouth is surrounded by a lip and pcristomial membrane having circular row often dendritic or tree-like tentacles. 

7. This collar-like region at the base of tentacles is known as introvert 

8. The genital aperture is situated mid-dorsally in between the bases of two adjacent bivial ambualacral tentacles. 

9. Body without spines and pediccllariae but highly muscular, leathery and slimy. 


10. The exoskeleton in the form calcareous spicules. 

11. Sexes are separate. 

12. Development with auricularia larval stage. 

THYONE 

The systematic position is the same as that of Cucumaria. 

1. It is free swimming holothurian generally found burned in muddy and sandy 
bottoms of sea. 

2. It is found in U.S.A. 

3. Podia or tube feet are distributed over the entire body surface. 

4. Mouth is at the oral end and surrounded by introvert and ten dendritic tentacles 
which can be extended to great length. 

5. Two tentacles attached to the mid-ventral ambulacral area, are much smaller 
than others. 

6. Anus is present on aboral end. 

7. Tkyone is famous for its great power of regeneration and autonomy. 

8. Sexes are separate. 

9. Development indirect with auricularia larva. 



F ‘« « I* 7*>w~. 


ACTINOPYGA 


Phylum 

Subpbylum 

Class 

Order 

Genus 


Echinodermata 

Eleutherozoa 

Hotothuroidea 

Aspidochirola 

Actinopyga 


1. It is found in all the sea waters and commonly called sea cucumber. 


2. Body is large cylindride. 

3. The entire ventral creeping sole is crowded with 
numerous locomoiory tube-feet 

4. The warts covering the dorsal surface also lack any 
definite arrangement 

5. The anus is placed at the extreme aboral end. Five 
. calcareous teeth are present within the rim of anus. 

6. From the base of left respiratory tree arise a few or 
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numerous pink Cuvierian tubules which are emitted from anus, when stimulated. 

7. The tubules are toxic to fishes and other animals. 


SYNAPTA 


Phylum 

Subpbylum 

Class 

Order 

Genus 


Echinodermata 

Eleutherozoa 

Hoiothuroidea 

Apoda 

Svnapta 


1. Synapta is generally found completely burned in 
soft, sandy soil of the sea bottom. 

2. Found in Europe, Pacific coast and Bermuda. 

3. Body is elongated, vermiform with rough or warty 
surface. 

4. Tube feet are absent 

5. Mouth is surrounded by 15 short, digitate tentacles. 

6. Anus situated at the aboral end. 

7. Respiratory tree and Cuvierian organ absent 

8. Exoskcleton of calcareous spicules are completely 
absent but with arches and anchor plates. 

9. Hermaphrodite. Gonads consist of one pair of 
branching tubules. 

10. Development indirect. 
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ASTERIAS 

Asterias is commonly called as ‘starfish’. The name starfish is somewhat misleading suggesting an organism to be star-like 
and fish but it lacks in both the characters. However, it b appropriate to call it as sea-star as it b star-like in shape and occurs in 
sea. The genues Asterias includes about 150 species. 

SYSTEMATIC POSITION 

Phylum • Echinodermata 

Subphylum - Eleutherazoa 

Q ass - Asleroidea 

Order - Forcipulata 

Genus - Asterias 


DISTRIBUTION 

There are about 1.000 species of sea stars and genus Asterias indudes about ISO species. They have different geographical 
distribution Asterias rubens occurs on the English and North European coasts, A. vulgaris on the North Atlantic coast of N. 
America, A. forbesi on the eastern shore from the Maine to the Gulf of Mexico, A. amurensis from the Behring sea, Japan, Korea 
Northward and A. tenera occurs on the sea short from North Scotia to New Jersey. 

HABITS AND HABITAT 

Asterias are fire-living and marine cchinodenns, 
crawling about slowly in shallow water to very great 
depths. It prefers rocky areas where locomotion and 
concealment are easier. However, the species that live 
more or less buried necessarily occur on the sandy 
bottom. The bottom living animals are known as 
benthonb. The most species of Asterias are generally 
solitary but many individuals gather at some place for 
protection from the direct rays of sun and from exces¬ 
sive drying. Most of them are nocturnal, remain quiet 
in day time and become active during night It creeps 
slowly along the sea bottom. In spite of having a hard 
integument, it can bend and twbt in a variety of ways. 

They are carnivorous and feed voraciously. They 
exhabit remarkable power of autotomy and regenera¬ 
tion. 

EXTERNAL MORPHOLOGY 

Shape, Size and Colouration. The body b flat¬ 
tened in oraJ-aboral axis and is generally peatamerous FifrOT.l Ajktub. Oral view. 
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Asterias 


in arrangement. The body consists of a central, pentagonal central 
disc from which radiate out five elongated, tapering, symmetrical 
spaced rays or arms. 6,7 or 8 rayed specimens arc rare and probably 
result due to regeneration after injury. The body has two distinct 
surfaces, oral and aboral. The oral surface is Oat, directed down 
wards having a centrally placed mouth. The aboral surface is 
convex, directed upwards and much darker in colour. The oral and 
aboral surfaces arc not the ventral and dorsal surfaces but cor¬ 
respond to the left and right sides of the bilaterally symmetrical 
larva. The axes occupied by the arms are known as radii and the 
regions of the central disc between the arms are interradi. A well 
defined bead is entirely absent. 

The size varies from 10-20 cm in diameter. The smallest 
sea-star known is about 1 cm in diameter and the largest 80 inches. 

They are usually brightly coloured yellow, brown or orange 
and purple. The colouration is due to carotenoid pigments. 

Oral or Actinal surface 

It is the lower flat surface of the body which bears a mouth and 
usually applied to the substratum. It bears following structures: F'f 47.2 Asurias. Aboral view. 



derma) branchiae 
of popoUe 


1. Mouth. On the oral surface, in the centre of the pentagonal central disc is an aperture, the 
actinosomc or mouth. It is a pentagonal aperture with five angles, each directed towards an 
arm. The mouth is surrounded by a soft and delicate membrane, the peristomial membrane 
or peristome and is guarded by five groups of oral spines or mouth papillae. 

2. Ambulacra!grooves. Ambulacral grooves radiate out from the five comers of the actionos- 
tomc and extend one to each arm along its middle upto the distal end. Each groove is bordered 
by two rows of calcareous ambulacral spincs^Tbeir bases have muscles, which can bring 
about the movement of the spines overlapping the tube feet to protect them from injury. 

External to the ambulacral spine are three rows of large stout immovable spines. 

3. Tube feet. The tube feet are soft, extensile, tubular processes arranged in 4 radial rows in 
each ambulacral groove. Each tube foot is provided with terminal disc or sucker. The sucker 
works as suction cup to afford a firm attachment on the surface to which it is applicd^Tbesc 
are multipurpose organs as they help in locomotion, food capturing, respiration and as a 
sensory organs. 

4. Ambulacral spines. The spines are present in a definite arrangement. Each ambulacral 
groove is boardered and guarded laterally by 2 or 3 rows of movable calcareous adambulacral spines. They can be brought 
together to form a lattice-work over the tube feet retracted into the ambulacral groove. At each angle of mouth, these spines 
become larger, stouter and grouped together to form a mouth papilla^Oulsidc the admbulacral spines are three rows o 
immovable spines. There is a row of similar spines along the borders of the arms demarcating the oral from aboral surface. 

5. Sense organs. These include five unpaired tentacles and five eye spots. The tip of each arm bears a small median non-retraclilc 
and sucker-less terminal tentacle. It acts as a tcctilc and olfactory organ. At the base of each tentadc. there is a sma I, « 
sensitive, bright-red spot called the eye. It is made up of several ocelli.N 



ptdidUH- 
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Abooral or abaclinul Surface 

The aboral side remains directed upward and usually it is orange or purplish in colour. It bears following structures. 

1. Anus. It is a small aperture hardly visible with the naked eye. It is situated very nearly, though not exactly, in the centre of 
the aboral surface, in an inlcrcadius next to that occupied by the madreporite. 
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2. Madreporite . The a bora 1 surface is marked by tbe presence of an 
asymmetrical subcircular plate known as madreporite. It is 
present in tbe central disc in one of the interradii dose to the base 
of two arms') Tbe two rays between which the madreporiate is 
placed are termed the bivium, remaining three are called trivium. 

Madreporite introduces bilateral symmetry, because it is only 
through one vertical plane, which passes through the middle of 
the madreporite as well as the middle of the opposite arm, that 
the Asterias can be divided into two equal, right and left, halves. 

The surface of madreporite bears a number of radiating, narrow 
straight or wavy grooves with pores in them. 

3. Spines. The entire aboral surface is also covered with stout, blunt 
calcareous spines or tubercles. They arise from the calcareous 
plate or ossicles.fllie ossicles are embedded in the body wall and 
covered by epidermis forming the cndoskeleton. The spines are 
arranged in irregular rows parallel with the long axis of the rays. 

4. Dermal branchiae. The dermal branchiae or gills or papulae are 
very small, delicate, tubular or conical, finger-like or thread¬ 
like, thin walled processes protruding through minute pores 
in the integument between the ossicles on the aboral surface. 

Tbe papulae arc hollow evaginations of the body wall and 
their lumen remain in continuation with the coelom. Internal¬ 
ly they are lined with coelomic epithelium. They an be 
completely retracted into tbe body. They have respiratory as 
well as excretory functions. 

Pedicillariae. These structures are present scattered all over 
the body. These arc found in the intervals between the spines of 
the aboral surface. But. on the oral surface, they are attached to 
the bases of spines and also in the spaces between them. 

These are small whitish, jaw-like or pincer-like structures.) 

They may be sulked or sessile. In Asterias only sulked types of F * r 67 s Averin P«Uciibru» ..d waMi iy 

pedicillariae are found. Each pedicillaria has a short, flexible and 

fleshy sulk, lacking internal alcarcous support. It possessess two articulating alareous blades or valves which are supported 
and articulated by a third alareous plates is ailed basilar or basal piece. This type of pedicillaria, which is made up of three 
plates is ailed forcipulate. The opposite surfaces of the blades or valves are serrated and their opening and dosing is controlled 
by one pair of abductor and two pairs of adductor muscles respectively. 

Asterias Possesses two types of Pcdidllariac: 

(i) Straight type or Forceps type. The two jaws are more or less straight and alUched basally to the basal piece. When 
closed they remain parallel and meet throughout their length like a forceps. These arc dosed by adductor muscles and 
open by abductor muscles. 

(ii) Crossed type or Sdssors type. The basal ends of two jaws cross ach other as scissors, so that the basal piece is enclosed 
between their crossed portions. In this type of pedicillariae, the jaws are also operated by adductor and abductor muscles. 

Pediccllariae are sensitive to conUct and serve to aputure small prey. They also remove debris and minute organisms such 
•s various larvae, sponges and coelenterates which settle on body surface and disturb the respiration by covering the dermal 
branchiae and tube feet 
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The body wall of Asterias is made up of 
epidermis, dermis, muscular coal and coelomic 
epithelium. 



bipoUr nerve cell 


1. Epidermis. Il is continued overall the exter¬ 
nal appendages. It is composed of ciliated 
columnar epithelium. The epithelium 
secretes outside itself a thin two-layered 
citucle. Scattered in the epidermis are few 
gland cells and neurosensory cells. The 
gland cells are of two types (i) goblet or 
mucous gland cells which arc filled with 
finely granular substances and provide the 
body surface with a protective mucous coat¬ 
ing and (ii) muriform cells, which arc filled 
with coarse spherules. Neurosensory cells 
arc spindle shaped and are connected to 
nerve plexus or net situated below the 
epidermis. 

2. Dermis. Below the epidermis is dennis 
which is separated from the former by a thin 
basement membrane. It is formed of fibrous 
connective tissue and can be divided into 
two regions (i) the outer and (ii) inner. In the 
outer region, there arc self- secreted cal¬ 
careous plates or ossicles which form the 
hard endoskelcton. Il is lobe specially noted 
that in oilier invertebrates the endoskelcton 
is ectodermal in origin (if present) where as 

in Asterias it is mesodermal. The inner region of the dermis consists 
of smooth or involuntary muscle fibres. It is differentiated into an 
outer circular muscle layer and an inner longitudinal muscle layer. 

The longitudinal muscle is thicker and better developed on the aboral 
side than the oral side and brings about bending of the arms. 

4. Coelomic epithelium. The inner most layer of the body wall is the 
parietal coelomic epithelium, consisting of ciliated epithelium. 

Knoloskckton 

The rigidity of body of Asterias is due to the presence of definite 
skeleton. As already slated, tne endoskelcton consists of rod-like cal¬ 
careous ossicles arc of various shapes and arc bound together by conncc- Fig. 67.7 
live tissue. They form a reticulate skeleton, leaving spaces for the emer¬ 
gence of groups of papulae. The endoskelcton has a crystalline calcite structure. The flexibility of the body results from the fact 
that the ossicles are not united into an entirely rigid covering, but remain distinct and bound together by connective tissue and 
muscle that is why movements are possible. 


Fig. 67.6 Au<nos. Section ot body w*ll 



A cio ts *ciioa ikrosgh « 
lo show cidcnkrlcioo 


inn of SCI »u» 


On the aboral side the ossidcs are irregular but on the sides of the ambulacral groove they lie in two rows which meet together 
it the apex of the groove like the rafter supporting the roof of a shed and forming a conspicuous ambulacral ridge. These ossicles 
• re elongated and are called the ambulacral ossicles. The two rows of the ambulacral ossicles can be approximated and separate 
to t lose or open the ambulacral groove. The ambulacral ossicles do not bear any spines, tubercles or other external appendages, 
i he two notches o| the adjacent ossicles together form an oval aperture, the ambulacral pore, for the passage of a tube-foot, e 
•nbulacral pores are so arranged that they form two rows on each side of the ambulacral groove. At its outer end, each ambu acra 
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groove articulates with one adambulticral ossicle forming the 
edge of the groove and bearing two or three movable spines on 
small tubercles. Next to the adambulacral ossicle there are two 
rows of the ossicles called supra and inframargmal ossicles. 

Coe loro 

The coelom is present in the form of a large cavity situated 
below the body wall and extends into the arms. It is lined by 
ciliated epithelium. There is a large perivisceral coelom extend¬ 
ing into the central disc and the rays and surrounding the 
visceral organs. Besides, there are also a number of other 
coelomic compartments such as the water vascular system, 
axial sinus, peribaemal canals and sinuses, and the genital 
sinuses etc. There are spaces in the dermis which arc without 
dcflnit linings and. therefore, not regarded of true coelomic 
origin. The coelomic epithelium is not only applied to the inner 
surface of the body wall as parietal layer but also invest the 
viscral organs as visceral layer. 
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The coelom is filled with coelomic fluid containing amoeboid corpuscles. The composition of this fluid is like that of sea 
water. The coelomic fluid, like haemolymph of arthropods, serves to bathe the tissue in the absence of true blood. The cilia of 
coelomic epithelium serve for transportation of materials between various parts of the body. The amococylcs collect the excretory 
substances which, when collected in sufficient quantity, is expelled out through some papillae. The amocbocytcs also act as 
phagocytes for removing harmful foreign substances. Some coclomocytcs have respiratory pigment. Oxygen is taken into the 
coelomic fluid and carbon dioxide eleminated into the surrounding sea-water through the thin walls of skin gills. 


DIGESTIVE SYSTEM 

The digestive system consists of alimentary canal and digestive glands. 

I. Alimentary canal. 

The alimentary canal is complete extending from oral toabroal side. Therefore, it is very short and wide at places. It comprises 
mouth, oesophagus, stomach, intestine and anus. 

*• The mouth is the anterior most aperture of al imentary canal and it issilualed in the centre of the pcristomial membrane 

on the oral surface. It is provided with a sphincter muscle and radial fibres and is capable of great expansion and retraction. 










648 


Asterias 


The mouth leads upward into the 
oesophagus. 

2. Oesopnagus. The mouth leads into 
oesophagus which is a short and wide. It 
extends ventrally and open into the stomach. 

3. Stomach . The stomach is a broad sac and 
fills the interior of the disc. It is typically 
divided by a horizontal constriction into a 
voluminous oral part, the cardiac stomach 
and a flattened aboral part the pyloric 
stomach. 

(a) Cardiac stomach. It is the larger oval 
part connected with the oesophagus, its 
wall is thin and greatly folded. The car¬ 
diac stomach is held in position by five 
pairs of mesenteries or retractor 
muscles or the gastric filaments which 
are formed of connective tissue and 
muscles. A pair of gastric ligaments connect the 
cardiac stomach to the ambulacral ridge in each 
arm. The stomach is capable of everting out 
through mouth by the action of muscles extending 
from the body wall. 

(b) Pyloric stomach. It is a small, fiat pentagonal sac 
opening aborally into the intestine. The angles of 
the pentagon lie along the radii and each receives a 
duct, called the pyloric duct, from the correspond¬ 
ing pyloric caeca or digestive glands. 

4. Intestine. It is a short, narrow five sided tube which is 
continued to the aboral surface where it opens into the 
anus. It gives out at interradial position two or three 
small branched and brownish appendages called the 
intestinal or rectal caeca. The intestinal caeca sccrctc a 
kind of brownish fluid which is supposed to be ex¬ 
cretory in function. 

5. Anus. The anus is a very small opening on the aboral 
surface somewhat eccentrically located. 


'OisI ‘"'buUcf.l pUic 
ampulla 
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IL Digestive glands. 

The digestive glands of Asterias are five pairs of digestive glands or pyloric 

colour Each arm of sea star conta ins a pair of digestive glands or pylor.c caeca extend, ng up to ,ts up. eacn pc 
from the aboral body wall by a pair of longitudinal mesenteries. 

Tbc hallow „cs of ,bc .wo pyloric c,ec of ,n .no open i.,o . corn,on py.o,ic doc which opens into U.e py.onc s,on..ch 
at one of its angles. 

The pyloric caeca are lined by ciliated columnar epithelium having four types of cells: 

(i) Secretary or granular cells which produce proteolytic, amylolytic and lipolytic enzymes. 

(ii) Mucous cells which secrete mucus. 
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(iii) Storage cells which store reserve foods as lipids, glycogen and 
protein-polysaccharide complex. 

(iv) Current producing cells which bear longer flagella that maintain 
a steady flow of enzymes towards the stomach along the aboral 
side and of digested food into the pyloric caeca along the oral 
side. 

FOOD 

The Asterias arc carnivorous and feed upon all sorts of inver¬ 
tebrates. especially snails, bivalves, crustaceans, polycbaetes, other 
echinoderms and even fishes. They also consume the bodies of dead 
animals encountered on the bottom. 

Feeding mechanism. Digestion and Absorption. In some sea- 
stars, the prey is swallowed whole and digested within the stomach, 
although the stomach wall must be in contact with the tissues being Aumas. Fcedugoa a bum). 

digested. Shell and other indigestible materials are then eleminated 

out of the mouth. In Asterias through the contraction of the body wall muscles, the coelomic fluid exerts pressure on the cardiac 
stomach, causing it to be everted through the mouth. The everted stomach, which is anchored by gastric ligaments, engulfs the 
prey. The prey then may be brought into the stomach by retraction, or digestion may begin outside the body. The digested food 
in then passed into the body in ciliated gutters. When digestion is completed, the stomach muscles contract, retracting the stomach 
into the interior of the disc. The dams are devoured in an interesting manner. During feeding the sea star extends itsdf over a 
clam, bolding the gape of the clam upward against the mouth and applying the arms against the sides of the clam valves. The 
sea star inserts the everted stomach through minute openings between the imperfectly sealed edges of the valves. The gape is 
produced quite rapidly and not by causing the dam to fatigue over a long period. The everted stomach pours out powerful 
proteolytic enzymes which completely dissolve the soft viscera of clam. The dlia of stomach set up strong currents that carry 
the digested food into the stomach and then pyloric caeca. By the contraction of musdes the everted stomach is withdrawn into 
the interior of the disc. 

Thus the digestion is extracellular. Some intracellular digestion is bdieved to uke place in pyloric caeca. The food is chiefly 
absorbed in pyloric caeca, which also store the food material. Distribution of food of various parts of the body takes place through 
the coelomic fluid. The undigested materials are eleminated mainly through the mouth. Link, if any, egestion takes place through 
the anus. 

WATER V ASCULAR SYSTEM OR AMBULACRAL SYSTEM 

The ambulacral system is derived from the coelom, from which it separates during development of the animal. It can be 
distinguished into following parts: 

1. Madreporitc 

2. Stone canal 

3. Ring canal 

4. Tiedmann’s bodies 

5. Polian vesicle 

6. Radial canal 

7. Transverse canal 
- 8. Tube feet 
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Madrvpnrite. The madreporite is a ligbl coloured, sieve like. r 
circular skeletal plate present inicr-radially on tbe a bora I % 

surface of the disc. Its surface is marked hy a number of 
radiating narrow, straight or slightly wavy grooves or furrows ^ 
w Inch provide it a characteristic appearance. Each furrow is ft 
luriushed with minute pores which open into a sac-like am- yj 
pulla through minute pore canals. The number of pores may \ 
Ih 250. The ampulla leads into a S-shaped stone canal or a 
madreporic canal. 4 

'stone canal. The ampulla opens into a S-shaped stone canal. 

The stone canal extends downwards and opens into a ring 
canal, around (he mouth. The walls of stone canal is supported 
hv a series of calcareous rings. The lumen of stone canal is 
lined by very tall flagellated cells. In embryonic stages and in 1 ,f ‘ 
young Asterias, the stone canal remains a simple lube but in 
adult, lumen of stone canal possesses a prominent ridge w ith two 
spirally rolled lamellae which by branching become more compli¬ 
cated m structure. During its course, the stone canal along with axial 
organ is enshcathcd by a wide, thin-walled tubular coelomic sac. 
called axial sinus. The three together called axial complex. 

King canal. It is a wide, somewhat pentagonal canal forming a ring 
around the oesophagus. The angles of pentagon are situated in the 
radial position. 

Titdmunn's bodies or Racemose glands.These are small rounded 
yellow, glandular sacs which open into a ring canal on its inner side, 
between each radius and interradius except where stone canal opens 
into the ring canal, there is one Tiedmann's body. Thus there are in 
all nine Tiedmann's bodies. Each consists of a peritoneum enclos¬ 
ing a stroma of connective tissue and muscle fibres having many 
radiating tubules. Rece ntly, studies with the electron microscope 
pointed out that each cell of radiating tubules has flagellum in the 
midst of microvilli-like processes. The function of Tiedmann's 
bodies is not yet known. However, it is believed that they serve for 
Alteration or as enzyme forming structure or lymphatic glands 
which produce phagocytic amoebocytcs to be set free in the water 
vascular system. 

Poliun vesicle. In most sca-slars. but not in Astcrias. the ring canal 
gives off in each interradius one, two or even four large, thin-walled. 
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the ambulacral system. According to others they are some sort of lymphatic glands which g 


lhe ambulacral system. According to omen, urcj r-o— - - - 

ambulacral system. 

Radia, From .be oulc, surface of .be ring can,, are given «.■ 5 "dial 

through the ambulacra, groove of Ihc arm. Each runs pass.ng above (he rad,a. nerve and terminating 

terminal tentacle. . . 

, aileral eunul. each arm. Ihe radia, canal gives oul - series of sbm. = “vof 

. anals. Each lateral canal is attached to the base of a tube foot and .s provided w lb a pr 

fluid in ihc radial canal. . . 

, f,„. There are Iwo double rows of lube fee, in each am., one double row in rclalion lo each series of al.ema.ely pi 
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long and short lateral canals. Each lube 
foot has the form of a closed thin-walled 
lube. It extends through a gap. called the 
ambulacral pore, which lies between two 
adjacent ambulacra! ossicles. Each lube 
fool can be distinguished into three 
regions: 

(i) Ampulla. It isa rounded sac-like struc ture 
situated above the ambulacral ossicles 
and projecting into the coelom. 

(ii) Podium. It is a median tubular part which 
extends through the ambulacral groove. 

(iii) SwcAcr. It is a cup-like structure situated 
al the lower end of podium. 

The lube feel have strong longitudinal 
muscles. 




The whole system is filled with a watery fluid which 
is identical to the sea water. Water enters through the 
pores of madreporile and circulates through the system 
by the action of cilia. 


Functions. The ambulacral system chiefly helps in 
locomotion. It also helps in food ccpture and attachment 
of substratum. 


The various |>arts of ambulacral system 
have a muscular wall lined internally by 
ciliated epithelium covered, according to their 
position, by epidermis or coclomic epithelium 


I. water «Me« ike radial 2 '•"I** . 

-V wici forw.nl* 4. pcdiimeoairacuaadvacc.m Ucroicdhdowikcmclcr. 

5 Ucirr i* rckiwd aad podiam i» palkd back. 6. waier fill* Ike ampulla as before, and 
7. p.d.um *wiig* forward 
in e.itk ike **t»'r*i»«* 


LOCOMOTION 

In sea star, there is no head or anterior end. It can 
move in any direction and any arm can take the lead for 
locomotion. Locomotion is achieved with the help of 
water-vascular system which maintains a hydraulic pres¬ 
sure. The beating of cilia of the water vascular system 
causes the sea water to enter through the madreporile. 
After passing through the stone canal, ring canal, radial 
canals and lateral canals, it reaches the lube feet and their 
ampullae. 


gcniul 

n'nui 


Locomotion in a horizontal surface. When the sea 
star desires to move on horizontal surface, the tube feet 
push the body forwards. The ampullae of raised arms 
contract, the valve in the podial canal close and the water 
of ampullae is forced into the podia. The podia elongate 
in the general direction of movement due to hydrostatic 
pressure products by the influx of water into them. 


The terminal suckers of the tube feet arc brought in 


Fig. 67.16 Aurrias. Pcrikaem.l aid kacmal aywem. 
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conlact with the substratum and their central parts arc withdrawn to form suction cups. The adbession is further strengthened by 
mucous secreted by the tips of tube feet The tube-feel now pivot foiward on tbeir attached suckers, assuming vertical position 
and thereby pushing the body forward. The tube-feel then shorten by contracting their longitudinal muscles and forcing some 
water back into their ampullae and releases their suckers. The ampullae then contract again and whole sequence of events is 
repeated. 

Locomotion on a vertical surface. In climbing a vertical surface, the tube-feet pull the body forwards. By the alternate 
contraction and expansion of tube-feet and by adherance of suckers of lube-feet on surface Astanas climbs on the vertical surface. 

The tube-feel, however, may or may not work in coordinated manner. As a result, the Asterias moves forward steadily but 
slowly, at a speed of 15 cm per minute. The tube-feet are employed when the substratum is hard. On soft mud or sand the suckers 
of tube feet become useless. On such surface the animal walks on its extended lube feet which now act like small legs. 

CIRCULATORY SYSTEM 

A true blood vascular system is absent. The system responsible for circulation of digested food to various organs of body is 
often termed as circulatory system. It is made up of two parts. 

I Pcrihacmal System 

II Haemal System 

I. The perihnemul system. It is also derived from the coelom and is lined with cuboidal ciliated epithelium. It comprises: 

1. Axial sinus 

2. Aboral ring sinus 

3. Genital sinuses 

4. Oral ring sinus 

5. Radial pcrihacmal sinuses 

6. Marginal sinuses 


7. Pcribrancbial sinuses 

1. Axial sinus. I. is . wide, nearly vertical, Ibin-w.lled lube surrounding the »■«* 

it communicates with the ampulla of stone canal and also with the exterior * . , . * l0 g C ther form an 

At the same end. it opens into the aboral ring sinus. TDe three (stone canal, axial gland and axial sinus) og 

2. Aboral ring sin,,,. It is. pentagonal channel lying around the’ The 

circuit as it is incomplete in the region of the stone canal. It gives off g 

aboral ring sinus and its genital branches contain genital raebis, a continuation of the axial gland^ 

3. Geniial sinuses. Each gonad is surrounded by a small genital sinus which is connected with the aboral ring sinus by a short 

and slender branch. . . . . ,j nu * 0 r 

4. Oral ring sinus. At its oral end. the axial sinus opens int? internally divided by 

ring sinus arises five radial pcnhaemal sinuses. lloh r*rh arm between the radial 

5 - 0 “ ch ^ radi - Perib ' em ■ , 
sinuses also give out fine channels into the tube feet. 
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6. Marginal sinuses. In each arm. two longitudinal marginal sinuses run longitudinally on each side just aboral Co the marginal 
nerve cord. The fine literal channels conned the marginal channels with the radial perihaemal sinuses. 

7. Perihaemal sinuses. These are small spaces in the dermis of the body wall. These communicated with the radial byponeural 
sinuses of the arms. 

II. Haemal System. The haemal or blood lacunar system is much reduced in Asterias and is open type like the baemocoel of 
Arthropoda and Mollusca. It is derived from the blasiococl. The system consists of intercommunicating spaces which have 
no epithelial lining. These are enclosed in the coclomic spaces of perirhaemal system. The channels are filled with coclomic 
fluid containing coelomocytes. Histologically, the system is bounded by a layer of connective tissue, externally covered by 
coclomic epithelium. The haemal system comprises: 

1. Axial haemal ring 

2. Aboral haemal ring 

3. Oral haemal ring 

4. Radial haemal sinuses. 

1. Axial gland. It is also Jcnown as heart or brown gland and forms the principle part of the haemal system. It has an external 
lining of peritoneum and its interior is filled with connedivc tissue containing many small inter-communicating spaces filled 

• with a fluid with amoeboid coelomocytes with a brown pigment. The axial gland is connected with the oral haemal sinus at 
its oral end and with aboral haemal sinus at its aboral end. A small terminal head process arises from the aboral end of the 
axial gland. It communicates with a small dorsal sac in the madreporite. A pair of gastric tufts arising from the haemal 
sinuses in the wall of cardiac stomach open into the axial gland near its aboral end. The food digested in the stomach enters 
the haemal circulation through the gastric tufts. 

2. Aboral haemal ring. The axial gland, at its aboral end connects with the ampulla of madreporic canal and joins a pentagonal 
ring canal situated beneath the aboral surface of the central disc. From this canal, five pairs of genital haemal strands arc 
extended to gonads. These haemal strands arc two in each inter- radius. 

3. Oral haemal ring. It is the circular haemal sinus, located around the mouth just below the ring canal of the water vascular 
system. 

4. Radial haemal sinuses. From the oral haemal ring arise five radial haemal sinuses or strands. One of these runs out through 
the septum of each hyponcural radial sinus. The radial haemal branches give out from their sides short branches to tube feel. 


RESPIRATION 

In Asterias, respiration takes place by the dermal branchiae or papulae scattered over the aboral surface and by the tube feet 
projecting in the ambulacral groove. Both the respiratory structures are thin walled and are continuous with coelom. Oxygen 
dissolved in sea water diffuses into coelomic fluid through these structures. The coclomic fluid distributes oxygen to all internal 
tissue and brings carbon dioxide to the respiratory organs for outward diffusion. 

EXCRETORY SYSTEM 


These is no distinct excretory system in echinoderms. It is likely that there may be some organ in connection with the 
ambulacral system or with the axial sinus for excretion. The nitrogenous metabolic excretory waste usually contains ammonium 
compounds. The excretion is brought about with the agency of coelomocytes that pick up wastes and pass them out through the 
papul ae. The rectal caccae serve in excretion to some extent There is certain amount of diffusion of dissolved water through 


U»e gills and thin wall of lube-feet 


NERVOUS SYSTEM 

The nervous system of Arterial is of sin,pie ...d primitive type. It is confined to the body watt. |, consists of four pins: 
!• Superficial or Ectoncural or Epidermal nervous system 
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2. Deeper byponeural 

3. A bora I or Coclomic nervous system 

4. Visceral nervous system 

1. Superficial or Kc.od«™.l n.rvoux This nervous sys.cm is situated jus. beneath the epide.mU, I. U Ute main pat. 

of sensory nervous system. It includes circumotal nerve ring, radial nerve cords and subcptdermal netve plexus. 

(i) Circum oral nerve ring. The netve ring is pentagonal in shape and is circum-oral i.e.. occurs around ^“thin ^e 
pcristomial membrane. It supplies netve fibres lothe pcristomul ntembnnc and theocsophagus and at each radtusgt 

off a radial nerve. 

(ii) Radiiil ner\‘e cords.The radial nerve cotds arise from the angles of the nerve pentagon and extend outwards, one through 
00 ea'hann Each radial nerve ,eon, nates as a sensory cushton on the aboral side of the tenttm.l MMtelEach km 

is V' shaped in cross-section and continuous on its outer side with the epidermis. It remains separated on ns inner.side 
from the byponcwal sinus only by a thin dennis and the coclomic epithelium. 

. 

The nerve pentagon and radial nerves contain many neurons, arranged in sensory , association and motor tracts. They receive 
and coordinate responses similar to that of central nervous system found in other animals. 

-• Trrs szsss&g 

ners ous system by a thin layer o tonnee F*. I...m e Ls continued as a plate of nervous tissue m the outer 

»Lu. i ; , y n ^no C :rr, ,o ,KC 0 ru.c deep nenvoux sy.cn, os 

from the mesoderm. Its function is primarily motor. 

3 Aboral or ( odontic nervous system. It is represented by a thin 
nerve plexus situated in the aboral body wall, just above .he 
parietal layer of coclomic epithelium. It is somewhat thickened 
to form an anal nerve ring in the central disc and a nerve in each 
arm. The aboral nervous system is connected with the marginal 
nerves by several lateral nerves in each arm. This system is also 
mesodermal in origin and motor in nature. 

4 Visceral nervous system. It « situated in ibe gui wall just 
outside the enteric epithelium. It has the form of a 
plexus which has connections with the vrsceral receptors and 
also with the muscles layers of gut wall. 
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SENSE ORGANS 


The sense organs of Aster ins r. re of ihrcc types: 
1 . NcuroscnsVy cells 


2. Eyes 

3. Terminal tentacles 

Neurosensory cells. These arc present here and 
nucleus, a distal thread-like process reaching to the 
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They may acl as icclilc rcceplor or cbacmorcccp- 
tors. They arc especially numerous in ihc suckers 
of podia, al Ihc base of spines, pcdicillaria and 
terminal lenlaclcs. 

Eyes. The eyes arc small, bright-red spots, one 
under the base of the terminal tentacle of each arm. 
Each eye is also called optic cushion as it is really 
a special thickening of radial nerve. Each eye 
comprises a number of cup-sbapcd concavities 
lined by alternating pigmented cells and retinal 
cells. The pigment cells contain an orange pig¬ 
ment. The retinal evils are elongated cells with a 
distal bulbous enlargement projecting into the 
cavity of the cup and a proximal fibre passing into 
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the underlying radial nerve. The number of ocelli in one eye ranges from 
80-200 in different species. Each concavity is covered by a transparent 
cuticle and may contain a lens beneath the cuticle and may contain a lens 
beneath the cuticle. The lens is formed by epidermis. Eyes are sensitive 
to light and detect change in the intensity of light. 

Terminal tentacles. The terminal tentacles have sensory cells which are 
tactile and also sensitive to food. 

REPRODUCTIVE SYSTEM 
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Astcrias is unisexual i.c. dioecious. The male and female arc separate 
but both the types of gonads arc morphologically alike and situated in similar 
positions. They have only microscopic differences. The reproductive system 
is simple. Ovaries and testes consist of small rounded follicles like the 
bunches of grapes. They, however, differ in colour. The teste* are pale-grey while ovaries from pink to orange. There arc five 
pairs of gonads in either sex. a pair in each inlerradius. The gonads are attached at the bases of the arms and extend freely into 
the proximal parts of ihc arms on the sides of pyloric caeca. From the proximal end of each gonad arises a short dilated gonoducl 
which opens out laterally on the aboral surface by a minute gonoporc. There are no special organs for copulation. The accessory 
glands and rccepticles arc also absent 

The scx-cclls arc believed to originate in the aboral part of the axial or from the wall of coelom near the proximal part of 
the axial gland and then migrate through the genital raebis to the gonads. 

j pyknic 

There is a single breeding season in sea-stars i.e. 
late spring. The ripe ova and sperms are simply shed 
into the sea water where fertilization takes place. 

Maturation and sheding of gametes are controlled by a 
secretion of ncuro-sccrclory cells in radial canal (Cliaet 
and McConnangly, 1959). According to £myon( 1964), 
the axial organ may serve as a chacmoreceptor for 
substances received through the madreporite, thus 
stimulating the release of gametes. A single female lays 
■bout 200 million eggs in a season. 

Fertilization. It is external and takes place in the 
sea water. 

After fertilization Ihc zygote divides into two equal 
blastomcscs. the cleavage is holoblaslic. Cleavage 
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Flf. 67.24 MelatHorphotu ia larva. 

aud routes dock-wise with the help of peri¬ 
oral hand of cilia. 

Bipinnaria Larva. The dipleuruh larva 
forms on its front side a big prcoral lobe, which 
is bordered by a prcoral loop made up of cilia. 
Soon three lateral lobes arc formed and these 
lobes arc also bordered by a postoral loop of 
cilia. The larva is now called bipinnaria. It is 
also bilaterally symmetrical. It swims and 
feeds independently. Alter some weeks it is 
transformed into the next larva known as 
brachiolaria larx'o. 

Bracbiolaria larva. The lobes of bipin¬ 
naria larva become modified into long, 
slender, ciliated and contractile larval arms. 
From the preoral lobe arise three short and 
non-ciliatcd processes ending into suckers. 
These processes arc called fixing processes. 
This is now known as branchiolaria larva. It 
swims and feeds like bipinnaria larva. 

METAMORPHOSIS 

The bilaterally symmetrical larva 
gradually metamorphoses into the radially 
symmetrical adult After about 6 or 7 weeks 


•'•-uiiuiaria settles down on some solid ohir^i u .. . . . -- u , wku 

T*e anterior end of the larva dcgencra^ a, ^^^ “ ,cm P° nri 'y by its fixing processes. 

rva acgencrates and forms only an atuchment sulk, and the adult body develops from the rounded 
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posterior end of the larva. The left side becomes the oral surface and the right side becomes aboral. The adult arms apper as 
extensions of the body. Internally the entire digestive tract degenerate. All these parts formed anew 3nd in a position coinci ling 
with the adult radial symmetry. The left axohyrococl forms the water-vascular system and from the bydrocoel develop five pairs 
of projections, two in each of the developing arms. These projections represent the cavity and coclomic lining of first pair of 
podia in each arms. As about this lime, the skeletal system appears. The first adult ossicles to be formed are those around the 
aboral pole, which contains the anus. New ossicles are then added peripherally to the initial skeleton. The detached young sea 
star is not more than 1 mm in diameter. 
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WATER VASCULAR SYSTEM IN ECHINODERMATA 


Tbc water vascular system or ambuhoal system is peculiar to Ecbmodevm.ta and no. me. w.Uttn any Mb'* ««>“*<• 
Animal Kingdom. Since the entire system is derived from .be coelom .be system ts luted w.lb a oltated eptU.el.um and Di ed 
with a watery fluid and contain corpulces. This system is used for locomotion. It probably functions in collecting and dtslnbullon 
offood.The ambulacral system consists of madre port te.stonecanel.ringcanel.radtal canal, and tube feet. Tbcsyslem is variously 
modified in different classes of Echinodermala. 
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CLASS • IASTKROIDEA 

Asteroids ambulacral system follows the general 
echinoderm pattern with certain modifications. 

Madreporite. It is a light coloured, sieve-like, circular 
skeletal plate present intcr-radially on the aboral surface of the 
disc. Its surface is marked by a number of radiating narrow, 
straight or slightly wavy grooves or furrows. Each furrow is 
furnished with minute pores which open into a sac-like ampulla 
through minute pore canals. The number of pores may be 250. 

The ampulla leads into a ‘s' shiped stone canal. 

Stone canal. The stone canal extends downwards and opens 
into a ring canal, around the mouth. The walls of stone canal is 
supported by a series of calcarious rings. The lumen of stone 
canal is lined by very (all flagellated cells. The lumenn of the Fi * 681 
stone canal is divided by a longitudinal ridge. In Asterias the 
ridge is bifurcated. In Asteropecten, the ridge meets the opposite wall and the interior is divided into tubes which arc provided 
with a pair of scrolls each. 



Anerias. A—Midrtportic *««■ from o»uklt, B—VS. 
tkfcigh Buditporiic. 


Ring canal. It is a wide, somewhat pentagonal canal forming a ring around the oespbagus. The angles of pentagon arc 
situated in the radial position. 

Tiedraann’s bodies. These arc smell rounded yellow glandular sacs which open into a ring canal on its inner side, between 
each radius and interradius except where stone canal opens into the ring canal, there is one Tiedmann's body. Thus there are 9 
Tiedmann's bodies. The function of these bodies is not yet known, probably they help in the formation of amoebocytcs (coelomic 
corpuscles). 

Pollun Vesicle. In most sea-stars, but not in Asierias, the ring canal gives off in each interradius, one, two or even four large, 
thin walled pear-shaped sacs known as polian vesicles. They are contractile structures and perfemn several functions such as 
formation of coelomic corpuscles, regulation of pressure etc. 

Radial canal. From the outer surface of ring canal are given out 5 radial canal, one in each arm upto extremity through the 
ambulacral groove of the arms. 

tubetoT^*^ “• UlC r#diil CtMl gives OUl fwo of *>»ort, narrow, transverse lateral canals each leads to a 
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Water vascular system in Echinodermata 



Tube feel. Each lube fool is a hollow, clastic ibin walled closed 
cylinder. Il consists an ampulla, a lube a sucker. The lube feel arc capable 
of greater extension and when extended Ihey come oul through ambulacra! 
grooves. 

CIASS - IIOPHIUROIDEA 

The water vascular system of Ophiuroidca has Ibc same pattern like 
that of Asteridea. The oral shield that forms the madreporite usually bears 
but a single pore canal. In addition to the oral position of the madreporite, 
the stone canal ascends to the ring canal. The water ring canal bears four 
polian vesicles. Some times polian vesicles are accompanied by long 
slender, tabular appendages known as Sintroth ‘s appendages. Ticdmann’s 
bodies are lacking. The ring canal gives a radial canal in each radius. It 
descends towards the oral side where il enters the arm base, extending 
along the arm upto its lip and terminates into the lumen of terminal 
tentacle. In each ossicle, the radial canal gives rise to a pair of lateral 
canals, which may extend directly to the pair of ventro-lateral podia. 

Ampullae arc absent, probably correlated with the reduction of the amt 
coelom. A valve is present between lateral canal and podium. The entire 
water vascular system is lined with a ciliated peritoneum. 

CLASS - III ECHINOIDKA 

The water vascular system of ccbinoides is essentially like that of 
asteroides. One of the genital plates around the pcriproct contains pore 
and pore canals and functions as madreporite. A stone canal desend orally 
to the ring canal. The ring canal lies above the peristome in hearturebin or just above the chewing apparatus in regular urchins 
and sand-dollars. The radial canal extends from the ring canal and run along the underside of ambulacra! areas of the test Five 
polian vesicles are given oul from the ring canal. Five Ticdmann’s bodies arc also present. 

Each radial canal terminates in a small ampulla called as terminal tentacle. The radial canal gives off alternately on both 
sides lateral canals to the bases of the ampullae. The canals connecting the ampullae and podia. Each tude foot consists of an 
ampulla, a stalk and a sucker. The suckers arc highly developed and arc provided with a system of muscles and supporting 

ossicles. 

CIASS - IV HOLOTHIIKOIDKA 

Although he ambulacral system is basically like that of other ccbinodcrms but the madreporite in most species have lost 
connection with the body surface and in being unattached |onop0lt m ,dr*ponie 

in the coelom. Pore and pore canals arc present in 
madreporite. The madreporite hangs just beneath the 
base of pharynx and is connected to the ring canal. The 
ring canal encircle the pharynx and gives rise polian 
vesicles. The number of polian vesicles varies consider¬ 
able. 1 in Cucumaria, 3-4 in Thyoncot as many as 10 or 
even 50 in certain Apodida. From ring canal 5 radial 
canals pass upward to the inner side of the calccrcous 
ring. Each radial canal gives off small canals to the 
tentacles. The radial canal reduces in diameter and after 
passing through a hole in circum- oesophageal calcareous 
ring, it runs backwards along the inner surface of am¬ 
bulacral area. Here lateral canals supply the podia and 
their ampullae. 
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radnl 
wiki canil 








69 


LARVAL FORMS IN ECHINODERMS 


pfcotal »im 


In echinoderms although Ihc sexes are separate but there is no sexual dimorphism. The gametes are released directly m sea 
water where fertilization occurs. The development may be direct or indirect. In the direct development there is no larval suge 
but in the indirect development different kinds of free swimming larval forms are found. In each class, a few members, chiefly 
polar or deep - sea species, are viviparous. They rear the young in the brood opuch-like structure found in their body. 

The most striking feature of the larva is its bilateral symmetry, which is in marked contrast to (be 
adult. After a free-swimming life, the bilateral larva undergoes metamorphosis, in which the radial symmetry of adult is 

developed. 

Class • 1 Asteroldea 

Bipinnaria Larva. The egg hatches into a larva which develops the cilia and starts swimming 
is formed and larva feeds upon diatoms. In the wall of the gut. powerful diary band « present wbicl.helps * 
the cilia of the body become restricted to the two cilary bands characteristic of E eutherozoan ‘ 

connect in front of the mouth as a pre-oral loop and infront of the anus as a pre-ana loop The preo»l to? **££*£££ 
some cases develop independenUy into an anterior ciliated around the body. Three lateral lobes are formed on either side of the 
larva. The larva at this stage is called bipinnaria larva. Its development is completed between 2 - 7 days. 

Internal development of bipinnaria .The tip of arcbenteron gives 
rise to the mesenchyme. The arcbenteron gives to a coelomic sac. the 
hydroentcrocoel .on each side. The two occupy the right and left of the 
arcbenteron and gradually elongates anteriorly in the plan of the long 
axis of the larva to form U-sbaped coelom. The posterior ends of the 
lateral pouches become cut off from anterior axococls and bydrococls 
as right and lefl somatocoels. The left hydorcoel connects w.th the 
dorsal surface to form the hydropore without ectodermal invagination. 

On the ventral surface, the invaginated part of the ectoderm is con¬ 
nected with the endoderm. The alimanlary canal of the larva can be 
divided into mouth, oesophagus,stomach, intestine and anus. The blas¬ 
topore forms anus. At the time of metamorphosis, the right 
somatocoel and axobydrocoel are reduced while the left axocoel 
gives rise to water ring and radial canal. The axocoel separates from 

hydrococl and contributes to stone canal. The madeponte is eimer Fig 69 , BlptmmUhm 

5SW .. . 

- of ihc changing 

appearance of sucker marks .he bcginn.ng of metamorphosis. . Aflcr 

—ro— I-—* 
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about 6 or 7 weeks Ihc bracbiolaria settles down on some solid object or to 
the bottom where it remains temporarily attached by its fixing processes. 
The anterior end of the larva degenerates and forms only an attachment 
stalk, and the adult body developes from the posterior end of the larva. The 
left side becomes the oral surface and right side aboral. The adult arms 
appear as extensions of the body. Internally the entire digestive tract 
degenerate. All these parts formed a new and in a position coinciding with 
the adult radial symmetry. The somatocoel forms the major part of coelom. 
The left axobydorcoal forms the water vascular system and from the 
hydrococls develop five pairs of projections, two in each of the developing 
arms. These projections rrepresent the cavity and coelomic lining of first pair 
of podia in each arm. At about this time, sea star is not more than 1mm in 
diameter. 
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In some species, Astropecten, the development b shortened. Here the 
brachiolaria larva disappears and the bipinnaria larva metamorphoses into pig.69.2 DwrUolana larva. 
the adult after about three months. In Asterina gibbosa, the bipinnaria larva 

is not formed, the larva develops an adhesive apparatus, homologous to the brachiolar arms and sucker, which metamorphose.- 
in adulL In Luidia, a giant and peculiar larva is formed known as bipennaria asterigera. 

Class - 2 Ecblnoidea 

Echinoplutcus. In Echinoidea, a free swimming, microscopic echinopluteus : A 

larva b formed after gastrulation in about 7 • 30 days. The gastnila becomes (• median trail 

somewhat cone-shaped and gradually develops into echinopluteus. The in- V • . J / 

vaginated part of stomodacum becomes connected with the arcbentcron and the ^ / 

gut b differentiated into mouth, oesophagus, stomach and intestine. The blastopore 

forms the anus. It bears six pairs of arms called preoral, antcrio-laleral, anlerio- A 

dorsal post-oral, postero-dorsal and postero-lateral. The poster-lateral arms are (w 

very short and directed outwards or backwards. In some cases, the anleriodorsal pnon\ W* — 

arms may not develop. Thus there may be 5 or 4 pairs of arms in place of six pairs. fj 

The ends of these arms arc pigmented and the skeleton b made up of calcareous 1 

rods, present in arms. These rods are originate from spicules secreted by y/) 

mesenchyme. These rods may be thorny or simple or fenestrated or branched. The ooofh»t u * f y 

locomotion b performed by ciliated bands. In some cases the bands become \ //I 

thickened and known as epaulctes. In Arbacia andCidaris, the ciliated lobes are Nj?-/ kSv* - ’ moulh 

formed between the bases of the arms which are known as vibralile lobes auricular 

lobes or auricles. iSrAVvV-- uui 


OC>Of*»gUI 


The arcbentcron gives off bydroenterococb which continue to axocoel, 
hydrococls, and somatococJs. The ecioderm formed and invagination on the left 
side which enlarges and forms a vestibule. The bydorcod gives ofT five radial 
canals and give primary podia. The lantern of Aristotle b formed from left 
somatocoel. 
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Fig. 693 Larva sfto^mg mtlamtorphosu. 


Metamorphosis. The echinopluteus gradually sinks to the bottom. There b no attachment as in asteroids Mfi^mnmWk 

l “" ra ‘' d ' V ' ,0,,,nen, “ b “ iC *'‘ y ° f '^ Ycng 

Class • 3 Ophluroldea. 
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Fig. 69.4 Erhinoplultut lorxxi. 
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Fig. 69.5 OpJiipluieui larva. 
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The internal development follows the same pattern 
as in other classes. 

Metamorphosis. Metamorphosis starts after the appcarence of the skeleton in 
larva. Metamorphosis lakes place in free-swimming stage. In viviparous species 
like Ampliira viivpeira, the pluteus stage is absent 

Class - 4 Holothuroidea 


prcoral loop 
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Auriculiria. After the gastrulation and formation of coelomic sacs and gut, lomaocoel \J 1/ IV"" 

within three days a free swimming auricularia larva is formed. It is transparent and /// V\ 

palegic in nature. It measures 5 to 1 mm in length. It swims with the help of cilia ted 

bands. One of these bands encircling the mouth and is called pre-oral loop. mlettjne ° ,MCk 

Similarly, the ciliated band around the anal opening is called the anal loop. 

Internally, the larva contains a curved gut The stomach is sacciform. Hydrococl Fig. 69.6 AumuloHalarva. 

and the right and left somatocoels are also present. Lobes appear in the hydrococl . . . . linknown 

forming the primary tentacles which are connected with the hydroporc by means of a duct Somct . “*J lled 
adults measuring 15 mm in length, have been reported from Bermuda. Japan and Canacy islands. They possess a fnl y ge 
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Fig. 69.6 Aurituloria larva 


Doliolaria. The auricularia larva soon changes into a barrel- shaped form, . B M 

the doliolaria larva. In doliolaria stage, the continuous ciliated bands break to hydrocod K 

form 3-5 flagellated spheres. The mouth has shifted to the anterior pole and the (P\^ B 

anus to the posterior pole. ^ 7 

There arc some species of holothuroids that possess a non-feeding barrel- ® 

shaped vitcllaria. This type of larva, which is found in crinoid and a few ^ TT\ 

ophuiroids. possess cUiatcd bands but no arms. In Cucumena 1 c rr , 

auricular stage is ommited and the embryo directly develops into the dotioiaru ) V pratably 

larva. In Holoihuria floridana the embryo directly develops into young stage Lq f 0 , 

from the egg. • ^^t 7 

Metamorphosis. Gradual metamorphosis. forminga •“ kk —¥/' , 

little loss of larval features, lakes place during ibe liUer part of planktonic f , &w7 r—(««•*»> 

existence. The tenudes. which are equivalent to „^.bne* died penuo.1.1. larva. Finally 
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CUss • 5 CrinoMen w** 1 A-1" 1 *“■ 

Dolioiiria. After gismil.tion .nd embryonic devnopr^r, olcoe'om^d 
gul. tile lerv. b.tcbcs as doliol.fi. lam. Il is free swimming. An.picel 
oUlc possessing a bunch of cilia is present as .Is anterior end. 4 or 5 abated 
binds present on is body. Near the ip«lpli'e rn 

larva has an adhesive pit over the first ciliary band. The stomodeum or vestibule 
is present between 2nd and 3rd ciliated band. The skeleton also devdopsa* 

«bb stage. The larva attaches itself to some object after the development of the 
prospective organs of the coelomic sac and its internal organs of the coetomic 
sac. Its internal organs rotate at an angle of 90* from the ventral to the posterior 
direction. The larva forms a sulk and at this sttge it is known as the cystidean 
or penucrinoid larva. After some lime, it meUmorphoses into an adult 

SIGNIFICANCE 

All the larval forms of echinoderms have a bilateral symmetry. Hence it 
is believed that the ancestor of enchinoderms was a bilaterally symmetrical 
animil. According lo Scmon (1888) the ndi.1 symmetry is secondly •» the 
primary ridiil symtn.by is seen incoclenten.en.nd porifem.TV.dultcchmoderms.mmoreprimU^e 

Ihe .dulls possess the ch. meters of the lower .omuls like coeleotemles etc. during meunuHpbo.n the edvinced luv. becomes 
a primitive adult Such a metamorphosis b called retrogressive metamorphosis. 



Fig. 69.8 DohotarimUrv. 


